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DATABASE QUERI ES TECHNI CAL FI ECD OF THE TNVENTHON—13—3-AN-+-04,

PCT/ US00/ 20708 This invention relates anal ytical data processing, nodul ar

. method and system 5 queries. BACKGROUND OF THE | NVENTION 10 15 20 25
generally to the fiel'd of and nore particularly to a for]gerJir nide

dat abas@oRygéRRgss intelligence systens began |argely as decision support
systens (DSS) and executive information systens (EI'S). DBETRISHM2030ppor t
systens (DSS) and executive information systens (EIS) were val ue added
systens that provided additional information fromexisting on-Iline
.transactional processi g%é]( TP s,{yﬁé ens. As business intelligence systens
devel oped, they integr & iME TR O rSYSTEM eRPRDSS) functional ity with
executive information systemyElYs) FAGAYHPVERIEANd added on-1ine

anal ytical processing (OLAP) tools and managenent reporting tools. These
hybrid business intelligence systens were gradually noved froma mainfrane
envi r onmeREENSCALGFTELP hQF e @HE e IMFENGESKt op envi ronment to al | ow great er

user access. MEg rEREN Yop t vent of centralized data warehouses and
datanarts have created aé%pr%rrra}t%llgaq;leﬁscr gﬁggriaﬁaé(vaFPabF]éedaﬁw%i tdfng to be
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BACKGROUND OF THE INVENTION

Business intelligence systems began largely as
decision support systems (DSS) and executive information
10 systems (EIS). Decision support systems (DSS) and
executive information systems (EIS) were value added
systems that provided additional information from
existing on-line transactional processing (OLTP) systems.

As business intelligence systems developed, they

15 integrated decision support system (DSS) functionality
with executive information system (EIS) functionality,
and added on-line analytical processing (OLAP) tools and
management reporting tools. These hybrid business
intelligence systems were gradually moved from a main-

20 frame environment to a distributed server/desktop
environment to allow greater user access.

More recently, the advent of centralized data
warehouses and datamarts have created a dramatic increase
in available data waiting to be analyzed, exploited and

25 distributed within an organization. Such data warehouses
and datamarts, however, were typically optimized for
information delivery rather than transactional
processing. As a result, data warehouses and datamarts

offered only limited solutions for turning stored data



WO 01/09754 PCT/ US00/20708 2 into useful and strategic tactical _
information. During this same time, business intelligence systens gained,
promi nence by offering sophisticated analysis tools for arfalJAN 2604 ar ge
anounts of stored information to support 5 effective planning and

deci si onomkoongx Wi t hi n an organi zation. Wthin business IH{’%}’ g@,&ﬁe
systenms and other analytical processing tools, a dataset 15 8 |y
provi ded to performrequested database %]_uerl es. The 10 dataset nust be able
to performall necessary database operations, such as, for exanple, fetch,
sort, index, and search operations. In addition, the dataset nust be able
to perfofmtoheusptnat iond istimtsyend f itadtardar . iASodmbesshl | ﬁdﬂirngss' bl e
conbi nat i n of,_dat at%ase operations 15 nust be identified and progframed
into the ?Ia?asé??“eThi dMUst ST Th oftsel tReRcet ¥sEeme- @miswed ng and

costly tpromhereet . bbIFRA indr B¥pHi R 0E -addi 1ional; capaRiLities to
enhan%:/e gn mEi stin s%/gtem reqlﬁ)resbfurtrl]er custom at:? on of - the Uat aset .

20 SUMVARYCEEZFRE | IG]‘PtFﬁéSptCEfseﬁ?ﬁoimﬂ/ehnifonmptbund_ee@l ?;wp@djl itar  met hod
and syst eprkeriparforg : abagg; queyd es. that substantially elininates or:
reducgs di sagséntgage%mgg%lgﬁ)bl ens ZS%SCSOSCJTOaI%e %er}% prEVitdds syt ens and

met hods. CFgapaeatégiar, the nmethod and system enpl oys an i ntel | igent
rders nodul ar data drivers to perform

dat aset that r.cally selects . and _
dat abase opergg?g% re%lyusi’lr%%s? or*t éﬁﬁgéﬁéﬁlcﬁueﬁ%‘é’%e% | Andccortdance with
one enbodnakptiochlt herpyessiiing Nvesdion, & qHEk%seRYi Be r%@gqggqlg,n o
conput er -readabl e media includes a library of data dri vers“and an i i3
JAN 2004P¥0) 63789752 PEEIPETSODFZageBed "database queries.  The

10 dataset must be able to perform all necessary database

operations, such as, for example, fetch, sort, index, and
search operations. In addition, the dataset must be able
to perform the operations in a specified order. As a
result, all possible combinations of database operations
15 must be identified and programmed into the dataset. This
customization of the dataset is time-consuming and costly
to implement. Moreover, provision of additional
capabilities to enhance an existing system requires
further customization of the dataset.
20
SUMMARY OF THE INVENTION

The present invention provides a modular method and
system for performing database queries that substantially
eliminates or reduces disadvantages and problems

25 associated with previous systems and methods. In
particular, the method and system employs an intelligent
dataset that dynamically selects and orders modular data
drivers to perform database operations required for
requested queries.

30 In accordance with one embodiment of the present
invention, a query engine residing on computer-readable

media includes a library of data drivers and an




intelligent dataset. Each data driver in the library is operable to execute

a .predefined database operation. The intelligent dataset is operable in
response to a query fequest to identify fromthe Iibrar}&d&géﬂﬁﬁ/ data 5
drivers to performthe request. The intelligent dataset is further operable
to det ewoione9m4 necessary order of the necessary data dripetgishrglgs formthe
request, to generate a driver chain conprising the necessary data drivers

in the necessary order, and to executesin order 10 the data drivers in the
driver chain. Mre specifically, in accordance with a particul ar enbodi ment
of the present invention, each data driver may conprise a base interface

- et hod. imtehisgenbodiarmaset .t heEdak edhrnbedidcemetrhacthe sl bpeaabl esto call a

next dat iver in the driver chain upon execution of . the specified
‘dat abas eg%%%?gile oﬁof 57t e ot r%léep%%%}r%egéld‘g?’éa $9erPEEREL P br a&gﬁ/‘eof dat a
drivers imyelDtbefe alirafetnie daferabbioeis opespdidse t @oex£cyheryf et ch,

sort, index, search, and other database operations. 20 Techni cal advantages
of the prE¥8ftti nbent t8R7FAEVUdETBFovEBRNglARTRKYr oREASEE3Fesdata

ing el | i genceepor tal Jdhiaio sl fEgh epbhyeBer f OrffRe Aot ADRBE,QNET hgﬁasgg
particular, the business intelligence portal enploys s%andar I zed access
met hods 1® pertbem greabbde derdadsrmiPeAsa aneessdary tbedeor 0él theed not be

cust om rticular t e eries and t cost to provide and
nai nt ai ﬁr?%%éeg%)%gfneggﬁant e |‘§ete)$1§ce %grtglerifs?rfned[}?‘eed. ]A‘T'l%‘f%%r' t e€hni cal
advant aggeiérabe i espritvamvenbion toepudesngr ahdli ngca Ry agagyery
engi ne. The nodul ar uery engine includes _an intelligent dataset and a

30 q
li brary SFLYoHRI &° dhe BRFTEFPETY 0P or #ithgt BatXssad €Ut | e5deThe

ingelligend gatasetidupamigakhy selieetsaRdn. WO 01/09754 1 3 JAN 2004
PCT/ USO0/ 20708 4 orders data drivers needed to performrequested queries.

As a result, Mpeedaressifieallopl | éat iatrirdpendeathared pantbeudasily
nodi fie t _pew,fu i | it her technical_ advant ages of the
present d?%%%#?%%f\%i}g eb%%eesz%gﬁl ylréfoeﬁlaq}%on : t%a%l}he&% ?I(ﬁlréhv?ﬁ PAE art from

t he fol |owhmgi éé gur esasdesiertigufizary asdhobai msInBRIHGRE DEREREPRELN, OF THE
DRAW NGS .For, a nore conpl ete understandi ng of the present 10 invention and

nmp
i ts advart@gBser enEpehess Ieidivchedde ARPTIRL S d1S ovi-hly YeReXFperbA taken in

conj unctdenvad-t hihhe @aecompanydng dhavhngsposhersididd ks, refereppe nuneral s
represent like parts, in which: FIGURE 1 iS a block diagramillustrating a
busi nesssEeC fited| idgdrd@gsor eRETRALIabcdratantbewiadrmespadiod néataof t he

present iny, i on; | S f di il Lust.rati a_met hod for
initial élf.ln\g he g‘l% %@Er%ﬁ%ef’?i éieaﬁ:\é&e %%?{’%& of ¥ éﬂﬁéu%%l ndcc8Fdance
Wi th onenendodiaeat &fitaesprepentb28 inwventkesut&| GUREL3his aoftow di agram

illustrati a nethod for generatin redefi ned query nodels in the
busi nesslrilﬂ%& I?@%ﬁﬁg' pBPEaPt rFfiéﬁgafei RPEEE5RGRSce with one enbodi nent

ofo the presenteéRM€BhlON;advantages of the present invention

include providing an improved businesé intelligence

portal that efficiently performs database queries. In

particular, the business intelligence portal employs

standardized access methods to perform database queries.

25 As a result, the portal need not be customized for

particular database queries and the cost to provide and
maintain the business intelligence portal is reduced.

Another technical advantage of the present invention

includes providing a modular query engine. The modular

30 query engine includes an intelligent dataset and a

library of wmodular data drivers for performing database

gueries. The intelligent dataset dynamically selects and




25 FIGURE 4 is a flow diagramillustrating a nmethod for deploying and

mai ntai ning client applications in the business intelligence portal of !
FIGURE 1 in accordance with one enbodi ment of the present I?éﬁn& n; FIGURE
5is aflowdiagramillustrating a nethod for 30 generat'] ﬁg d ecuting a_ |
query m@ebi/dvased on a predefined query nodel in accorda L e \
enbodi ment of the present invention; 1 3 JAN Z004 WO 021?(8@%@7‘209& l
PCT/ US00/ 20708 FIGURE 6 is a block diagtamillustrating operation of the-
nodul ar query engine of FIGURE 1 in accordance with one enbodi ment of the
present invention, FIGURE 7 is a flow diagramillustrating operation of 5

t he nodulcmdeqserdeeagidnevets FhEURECS i pecHsthaneequiedt aneqeabods nent  of D
t he pr esgnt Eiinventgtlgn; Fl GJ%FS is a block diagramillustrating a ‘
mul ti di neisi DnalF >5t6r add ot 2Fht adéo 1M onBISmSIHRENt aRE t he
present icevemtd @rsill; MdARE QY ite sk m@grﬁmét&iaﬁsﬁ%ggg exenpl ary
data for the nultidi nensional storage nodel of FIGURE 8, FIGURE 10 is a

f1 ow di agr am Q%% r 6@ TRl @2 hetdvanfapegend athagprrasent tinvernsonnal

st @r age I 8 .i r C i : enhodi pent__qf the present
15 i nven?ﬁgﬁ; % CfJgREgij?%yl g ag%?lgeﬁ%;i %%%Ma%nﬂﬁﬁla%gt p}a}h %geéa adfi%sp#lé?/m of

rel ated Ehewsdold awigapdridhualeso cfeskir@GgRE oh i rerat cdratanse Wit h one

enbodi ment of the present invention; and 20 FIGURE 12 is a screen di agram
illustrating window tabs for navigating between rel ated views in accordance
wi t h one BRIEGd DESTR IHT ItChe qFr esEnDRrAMWwag on.  DETAI LED DESCRI PTI ON OF THE

I NVENTION 25 FIGQURE 1 1llustrates a business intelligence portal 10 in
accordance wi FRTon@ SRRl FOTPLlEE et hEn9?§§éﬁﬂdiiﬁl@en@gonthﬁermreﬂetlyt

degcri bed - [ S k-t 'agw ortal ovides integrated data
aggess anciz‘l1 F%?érwrrit%gﬁ élﬁ%r %\%\} acr os%é)énggrﬁteg%&%irese%gasn%l f“géig to

sophi st i Edeed 0l owing ddrensiphabnarakesi sitoasjubhe: amal wich tapd s are

highly a intuitive to.allow a w.de range of users to utilize
st or ed |%%g%%ggﬁ@%n ﬁﬁﬁ‘lﬂﬁﬁggtra"f}éeg}f%m Vie i Aence numerals

represent like parts, in which:

FIGURE 1 is a block diagram illustrating a business
15 intelligence portal in accordance with one embodiment of
the present invention;

FIGURE 2 is a flow diagram illustrating a method for
initializing the business intelligence portal of FIGURE 1
in accordance with one embodiment of the present

20 invention;

FIGURE 3 is a flow diagram illustrating a method for
generating predefined query models in the business
intelligence portal of FIGURE 1 in accordance with one
embodiment of the present invention;

25 FIGURE 4 is a flow diagram illustrating a method for
deploying and maintaining client applications in the

business intelligence portal of FIGURE 1 in accordance

with one embodiment of the present invention;
FIGURE 5 is a flow diagram illustrating a method for
30 generating and executing a query model based on a
predefined gquery model in accordance with one embodiment

of the present invention;



6yl 1 3 JAN 200 rcT/USOOno70g decisions. In this way, the business
~intelligence portal 10 maxim zes decision support benefits users receive
fromtheir data, while mnimzing the cost of inplemanti@g d)Fg

- administrating the system 5 In the enbodinment illustrdt d"ﬁ\y ﬂ'GURE 1, the
busi neswo bn9kd i gence portal 10 inplenents a three-tier pepissodRebdd
architecture conprising a database tier 12, a server tier 14, and a client
tier 16 connected by one or nore net ks 18. The server and client tiers
14 and 16 10 are Java-based to support the Internet comuni cation protocol
(TCP/IP), multiple client and server platforns, pooled connections to a

Wi de vari ety DIGHHE absdgr cesblagd bipgmare gdausbivattiyngf opheapbonal 10

acr oss e rprise ... n Ui .t he va- d ser.ver _and 15 client
tiers 1 angh%G%(#%gll%"le gﬁgggen lrjﬂ’]fé%r 8%?t€%‘$ﬁlr§§ that™' saﬁFﬁﬁ%?nﬁﬁapt abl e
and funcetiitdnaind emiprdicessi ngf sthelgirssshidat avént dahabases as wel | as
unstructured a._The cliept/server network 18 conprises a conpany

| ntranet whi IFgIaC%q‘PéE j&’v%ﬁ dgiaﬁagéaﬂﬁf‘%ll 11 trady i LRV B PR 0RE of

publ i ¢ aHe phodal &r ngLeRiKendilnad bf becuRgerst 9ad dhirddifcdust PRSS

intelligence portal 10 may be inplenmented using other suitable

ar chi t e®f enbgstigprdmafhghamueisy: anentike: Referring to FIGURE 1, the

dat abase tier jhcl ydes, 25 gne ,or re t ses.20. As described in nore

detail bel ow,FItj(ﬁreﬂé;at gbazle% 28 arée)l%éggh éig% gté)i asléguasltlrgs ‘t¥at 2ontains

al |t he mulftordimdron oredes sapyabe condelt in thecdatiahase @0thi nehadi ng the
of dat abase aliases prevents direct user access to

dat abase |l.ogj.n. The us

the 30 &8 "&?é’t%t?fsjé%% BRSRG R o HEEH ™ the integrity in the dat abase
2 For the igldifty api ve enbpdbBrNtG: nﬁjaﬁ’.@@@%%%a%Qr%Ye}@ 1 bpyany Java
dat abase connection ~ 3 JAN 2004 i 01/ 09754 7 PCT/USO0/ 20708 (JDBC) or
obj ect @@tabdsyr ddmertlitoidirEmBE oredmAtiamod aredetepfaEIGURE &s a suitable

dat a war ehou a rt.. T r Ler . i ne €S _one or, .nore servers
30. 5 The se%?g%stEg;Oigggﬁ c%rrprf?ioilg %P%% élrgf lﬁé\}‘{a{%aaseﬁl%pﬁl i%%'f}il% s that
can operfate gerdirfaftement tpleat forlns diAendasaradlbedstiarams e Wedai | bel ow, the
servers 30 _provide hierarchical security, centralized admnistration, fast
mul ti t hifg f&%ﬂa poot e AR TR B L AP FurPPEfARRS ol te JaXeseral ysis for
tie busiipR&hdidel | i gence portal 10. The server 30 includes a catalog 32, a

catal og nanager 34, a security mana(ger 36, a query generator 38, a database
access syst efiVREq ldadle edageen 421iagranl tldbsemsitamd aodissphanager 44,

and a cloifentreclil%t% 1 njsdrat ar, 4ﬁchél'he%&a£%990320§to%%‘ﬁ%# C:Lonf:iLIgurati ons,
docunents, and work products created by admnrstrators and users of the
busi nessdateadnicgencieclporhal ehbodThestcetf riahe zpsemenageimerdntofolocunent s,
elim na%%sd redundant and out dated copi es residing on
20 FIGURE 12 is a screen diagram illustrating window

tabs for navigating between related views in accordance

with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

25 FIGURE 1 illustrates a business intelligence portal
10 in accordance with one embodiment of the present
invention. Generally described, the business intelligence
portal 10 provides integrated data access and information
sharing across an enterprise, as well as sophisticated

30 multidimensional analysis tools. The analysis tools are
highly automated and intuitive to allow a wide range of

users to utilize stored information in making strategic




20 client systens, allows docunents to be shared across an enterprise, and

provi des continual security for the docunents. The catal og manager 34
manages all shared information within the server 30.. It wi Ll be understood,
that such configurations, docunents, and work products 2§ RayARellBhher wi se
sui t abl wdiajoegy and managed within the business intelligence gortal 10. The’
catal og 32 includes one or nore database aliases 50, userPCp"F’B 10281852
security groups 54, and predefined quergy nodels 56 configured by a system
adm nistrator. 30 The catalog 32 al so includes one or nore portfolios 58
that store related views 60 created by a systemuser. As previously

descri bedectibg othet.abase ahias@sy50te@NtRAIN RALL 4 8 JAP) =
2004 PCT/ US00/ 20708 i nf or mat i oﬁynecggs%?lfqto conlr?\étcgiloﬁ]{o&ﬁcge o%&%“o es 20.%
The use of PREITHIZEFIER] $_RsSBOPPrEY bane fdite ctseuse rratad iakasPraccess to
mai nt ai ncdat g ig2tkear idy; i : k a S and nmakes it possible .
for non. -te(_:hr]:dc%zﬁ%gS "{J%Jéj?i] rt-htbxgl@g !é%{g gg%egg%%oro orléripgled?ﬁ%’\ﬂgt % fear of
cor r upt i ®Amina saddittingn, thehesytebase al i ases 50 al so serve to pool
copnections to_th hysi cal , .dat abases 20 and t hereby reduce the nunber of .
da'?abase conngcr:ltigﬁg r SRS s&ééd’rﬁtrf‘q%ﬁgé’%urﬁﬂ@u%ﬁ dli ethe 10 The
user probubése52 eactelb{gorca sREML C1baNGH mdHd Vi Ee%&é?%i%ruser and
one or re_security groups 54 to which a user has access. e user :
prof i | es953EFBUEEHe ARAY W Welt re@mprets by aasyistebraenitiiest nat,on. The
securit ysgroeps i e herarchi. cur] 5 del_with security
rights and pri vitlggélesmadsg?lg%eg ?(:)ngg%hm&%glupfﬁﬁé})}ﬁ%cé?grgﬁ &4 ffstrat or.
An adni MMR¥¢ anetwoaksr i18. gr 8hp issrpeaviacted ¢hieatd oviedsi nisthat ags ful |

aggess t he t i;ncludin erm ssions to add, nodify, and delete

sié%uri tygﬁ%ou%§¥§4ggg§8 and u?glp%ﬁf&i I%«IS? SIS syEMniTRE ippnal .

securi t yproghtslandqr/ne) egealt hplea cisent nhedi ks ke &Jl%g'f%%%@ of his or
t

her i ndi vi dual rights as defined in_the user profiles 52 an e rights of
each sedfPP1§gFBlPResE108s tthixHIRe orashetvepbngdstal soumce swagnpdex posur e

of systemwisideat ures, 19, UsEES 1S £C0N Ilggo ugh .t he_extensive use of
per m ssi onngg,5 or privileges, ich ar e{:fégsi ne%g%lf vm‘hltohhe"l‘l%r?ﬁ%m 8Bcurity
groups SReRrPREFEei dual Tuserdgicfiches BRe Thasa-bhaiske adwmirviest rahgrs nay
hgyve the.qJ i L. t onnect. t o_dat abases 20 and_add or del ete 30 users,
power ugcelr%er?npg%tlte)r%t ave” hils6t PRY AT 3T 0T 19RTeaE L paREPR1t8EE YT Rmy have

access twhar fuld nhagpeyofad@peasbel wsics anfceobhaborati op beatuigg, while |

structured data in databases as well as unstructured

data. The client/server network 18 comprises a company

Intranet while the server/database network 18 includes

20 portions of public and private networks. It will be

understood that the business intelligence portal 10 may

be impiemented using other suitable architectures,
programming languages, and links.

Referring to FIGURE 1, the database tier 12 includes

25 one or more databases 20. As described in more detail

below, the databases 20 are each exposed as an alias that

contains all the information necessary to connect to the

database 20, including the database login. The use of

database aliases prevents direct user access to the

30 native database in order to maintain the integrity in the

database 20. For the illustrative embodiment, the

databases 20 may each be any Java database connection




1 3 JAN cs~t~~t WD 01/09754 PCT/ US00/ 20708 i nformati on consuners may only

be able to run and adapt reports or charts that were previously defined by
an adninistrator or power user. The predefined query mjdgl AN 0Bk e
self-contained 5 | ogi cal nodels of particul ar databases that are

est abl i¥OOH02764 make query creation by | ess technical usepgerasgsstososnd
intuitive. The predefined query nodels 56 further abstract data froma

dat abase 20, exposing only those portions of the database 20 that is
relevant 10 to the group or groups of users who will use the particular '
query rmgg 56. The predefined query nodels 56 include rel evant tables from
" a dat abaSBF) e|¥s RRIBSE t A RRATAs €QER @siomnd ADBHKS sempddanthe

dat abaseyd b t hat ot ogehRer fine T redefined 15 query

nodel s 56 forﬁ?he %gsi g%fﬂolr é’%ﬁ qguer?%gy%}r%%t e§§B§ u‘é’gfg?mflﬁet h|%§ way, the
predef | rALRFY . nodel 56 controls the elements in any database 20 to which
any particul a%%ée cr)_fV us riservm' havE ﬁccess. In addition, the predefined
query nodel s estapl s echahi SHETPREE S8 SRF rBATi t‘?‘t"rt’ﬁéstsﬁe of

queri es Theat sanvbesmad® bye&dly geomprokeUseys.sdi parti gukharyakhg
mechani sns_defi ne the paxi num conputer resources, or governors, that can be
used t o IR 1PRS qhiBRteSaraPeratGNN ] Bf eseet pbanfoabtes As prevent

[ un- auadicmdsl Qus AUBET eddial Ba160ul didPagl Lhe T4 egrily of the

business intelligence portal 10. The porffolios provi P system
for stoflifrardileabatsrrwriopt aiqred n8lewsed0.adim rdddirtsitaon,t ofhpternal |y

gener at .6 e porifoli 58 may 30 include, _for exanple, views 60
of mrd%uﬁo%ééé?%%d%%cﬁn%#%(? sc%afteaad a&%&s ‘dofifentel t1A4MGREI38gds. The

par t f ol ides Hhrea ey ebshferconpobudihebe capabliegehce bodcdAN18004 VO

01/ 09754 10 PCT/ USO0/ 20708 restoring a collection of views 60 or other

rel ated sets Of° d&i%Verhe A ew%% Fe SErd@Ai Béat | ¢ wrehihoghe

por tfol i@ 3inkgd deBaGH, ohhigiqdn tRe ROT,  Q Sggto the
portfolios 58 is determ ned 8{}15 estgabl i shéd se%%}}t yg%gerzlé%e%rgrggfor users
and addid i 6¥&abagy tdncegeataystend tde vieewsaghe nmbhagpart 0l i 0a58. In
one enbqgj . ver_s portfolios 58 to which they do. not have
access gg!ll\r/{ﬁrgeldneésgg{%n%gdi tr{\%ﬁeﬁt t hé"P519%%! i o0&t 58 be@10 €UL¥®Hi zed to
rsovi de aairtioniedtixatmeti fig€ati on t oressoctat elogser s2wWhegryi-ews 691y thin the
portfolio 58 have pbeen updated or otherw se nodified. In this way, security
i s made St At PRHe GPSHIRSTET of SRRe WKt eRTARVERST REgatest by

col | abordion Aichd SHOT Tald ORSHAY 1 8¢ 1818 (1,01 306Nt BHPLY PEaedfE Vi ews 60
provi de data for displaying a wide variety o ormats, such as, for
gxarrpltﬁpotr?’-_@lles,l_ogr apHEbHepD‘r:x;tSr,alpiw simaarmbd : mmagéshd?h%mmvﬁ 60f rrgtyt
e ei nsljve views enting.curre a_or . snapsho views of data
at a pa(r%tlllclzdd'l\ﬁ%rtép%i nﬁéc?’%{?ig%. %dad%linﬁ%'ﬁ?gasc%ﬁﬁ?i bESS 1AL ADr et ai |

28 ow, Ilchienti esgst8meny d1d sehedutedehosbe dipsat 8€aaulomRiiEa | yn at
regul ar intervals, upda(igled when first opened, and the |ike. Snapshot views
60 may EELEIPTIS v er I tepﬁPVbFles continual security for the

documents. The catalog manager 34 manages all shared

information within the server 30. It will be understood

that such configurations, documents, and work products

25 may be otherwise suitably stored and managed within the
business intelligence portal 10.

The catalog 32 includes one or more database aliases

50, user profiles 52, security groups 54, and predefined

qguery models 56 configured by a system administrator.

30 The catalog 32 also includes one or more portfolios 58

that store related views 60 created by a system user. As

previously described, the database aliases 50 contain all




25 snapshots or to create a sequence of snapshot or rollover views 60 for
hi storical analysis. The views 60 and portfolios 58 can be saved privately

by a user or may be di stributedor shared—arong—ote—er—ofe—Seet-y—gLoups

54 to facilitate collaboration and decision making. 30 The security manager

36 manages security in the business intelligence portal bOjANnZ@ﬁrticular,.

the security manager 36 includes predefined security taL S 3 JAN

~00~+ WO Oup7809~s4 rcT~soono~os for generating and maipdgisioRgrgdse’ ‘

profiles 52 and security groups 54. The security nmanager 36 al so provides a |

security hierarchy that allows user profiles 62 and security groups 54 to

inherit privileges from5 parent classes. In this way, a system

adm nistrator can easily establish and maintain security for the business

intel | i gEMCRFPRFIGN MECeRfaueEy (eerRedtor 38 phevi dasabaapli cab.vi ews o@

dat abas e t S| e 1.0l ators apd 10 power users in

definingmﬁieﬁggeﬁftgggilggg%sggéeg%?gggFi2%% EE%Y§nE§dé$§E§§:eﬁﬁﬁrdefine

the dat alrisabaennactesn, toheafiatialiy afatabl esegnde ¢0kwmsexpsegef rom t he -

dat abasedattatbea ael | o le join Eé es.arid conbinations, netadata, execution

governors. and &l i gses '/ %ueﬁ/. RS THRlor R | P iRy ROdRl s 56 can

bes | at erusssiapt ed asdresed drerd aEgepEAR0E AaUSeLs iR Rer kary s§$e, secur e

queries. The database access system 40 includes functionality and software

for accESHTHPERP querdt ngdehelaat akdsesi@pabasand fimse=st Goni asguery

results erser. 3 I pul at i nal y.si.s, and_reporting by

users. I%%%éqhetiél Iﬁuas%{lr atggféﬁéc odfll%eﬁc'?), ?ﬁ%g’g&a lé:saZL a@éggéaf?ﬁ 40

i ncl udesird qibeyebyhedafiece 72 heannSQbegenef atdat aldhs@ GasHIesd & Denganager

76, and I%qi“ vraeéija}:toabase 25t coggaecti on(JDBC) 78.. The query scheduler 72

ini tiatés schedul €d YR Tes.2 AL %R L ?fi SRS - any vi ew 60,

ivec| udi ng t herttates e theot T At DSacONASE 188 hNsphe i \Hiew 60 cap: be set to

refresh from_the database 20 according to several 30 options,”1ncluding

speci f i @4Vie S dib®esd THEE arfoRaeyiQsnwgNGE t scberdsyi lopaufs eshed to

refl ect ent e t aa us to_al ) rk wwth the

nost \%h 8“1%%@5% 1%&1 %Q%ANJIF&) 'PCT%OO%%’?O%’”M‘?S "85 are
generated and maintained by a system administrator. The

*

security groups 54 implement a hierarchical security
15 model with security rights and privileges assigned to
each group 54 by a system  administrator. An
administrator security group is provided to allow
administrators full access to the system, including
permissions to add, modify, and delete security groups 54

20 and user profiles 52 in the system. The final security

rights and privileges that a user inherits are the union
of his or her individual rights as defined in the user
profiles 52 and the rights of each security group 54 to
which he or she belongs. In this way, exposure of system
25 features toAusers is controlled through the extensive use
of permissions, or privileges, which are assigned or
withheld from security groups 54 or individual user !
profiles 52. Thus, while administrators may have the '
ability to connect to databases 20 and add or delete
30 users, power users might not have this permission.
Instead, power users may have access to a full range of

data analysis and collaboration features, while



up-to-date information. In addition, snapshot views 60 can be automatically

schedul ed to create an historical repository of snapshot views 60 based on

the same query. Thus, for exanple, a view 60 may be schedul ed for updates S

~at 10:00 p.m every Mnday, Wednesday, and Friday and aufcgrafihcabily

di stri bybadbmga group of users via a shared portfolio 5 CTH@‘)@%U
generator 74 receives user-adapted or unadapted query nodel's Tr 8 user

and generates a 10 textual SQ. query fdr execution by the connection
manager 76. In this way, query nodels which are graphically displayed and
edited by users are automatically converted to executabl e dat abase

i nstructinfisrandibhereaisene exendyednIbhise ahbdws thowhae HAQM iRt Ot her
i nformation 1{5;§consun%|%rmth little or no programm ng know edge to fully

use and PERBFF fPbm HRisithals wWars | Pyeréeupdyt sdefibnedn kine an

enbodi meadmi hgt S6k cee e PRfer/hiddic] udes di al og specific generators and an
SQ. parse tree to 20 generate the textual SQ.. The dial og specific

generators coFfpes ebinpd divdey emodeylgess6f adat abadds c2btadeessed by or
used in io i t he_busi intelli C ortal 10. The
S o< EoBneel | OnnukL ot Neobust pese, Inf gL | genes pardal A0

dial og-s IC generators nmay i e, Tor , t SyBi§e, DB2,

and M5 Sgeta@blgshedat bos.mIke conoegt i @redmimgeby’61egeei vesnhexhyal SQ
gquery requests fromthe C%SQE_ eener,ator 74 and conmuni cates with the
dat abases®2b°%t §3FerfortiY ntRteybd¥ted i iRkedafrigingh eanreryaradeadsabase

connectizg (F1DRGer 8avst e 3Bathl ustsrt gd gobodi pEnty t hsxﬁae% tion
manager includes a nmodul ar query engine 80 including an 'intefligent dataset
82 and PT1Y¥r &hpset rRERICRSveLs B dataleasei bodtihat is 3rdAbvaad WO

0jd 09754.13 /Y 07 tail- below, the data.drivers 84 each
execute a pre efiﬁggﬁéat g%agggfgblg%at Con. u‘T‘%ﬁsi n‘f’g?l i‘dé?‘l? d4PGsefl82 selects
and or dgrardataldri vprexryBimbdein ke | | bhar pragefieeessanyet® peakesm a query
request 5 dat abai? access met hods are standardi zed and the

.és.a%eault, zed
dat aset heedfiot Fe FEISVERZ PGS St ppfdcarash. TheléacHethanager 42

i ncl udesclge caghieaBlsbaviagiasp! uraki tyinksPagesyd2nandnpa p hread 94.
The cache manager 42 receives data ext rlacfsed fr‘gm 1'Elhe 1agt a%gggggié 10 in

responseé-Rl gBerihateqieserhen deddae hem awexy t he Fhgesp9deThsedache

ERGer fEotynieasIcBLon U U4, BLOSEES PG S diiungy e cache

ot her wi sesesust abl yIn eaghived, wast or eche amdteideiftinaldl yqhbrpr ogeased by t he

server 3cocjntrols the elements in any database 20 to which any
particular set of users will have access. In addition,
the predefined query models 56 establish mechanisms that

20 may restrict the type of queries that can be made by any
group of users. In particular, the mechanisms define the
maximum computer resources, or governors, that can be
used to execute the queries, and allowable joins between
tables to prevent run-away or malicious queries that

25 could impact the integrity of the business intelligence
portal 10.

The portfolios 58 provide a file system for storing
user created or obtained wviews 60. In addition, to
internally generate views 60, the portfolios 58 may

30 include, for example, <views 60 of word processing

documents, spread sheet documents, and web pages. The

portfolios 58 are each a compound file capable of




The nul tidi nensi onal nodel nmanager 44 generates and nmani pul at es,

mul ti di mensi onal storage nodels 100. As described 1 n nore detart—betow—the
mul ti di nensi onal storage nodel 100 utilizes a non-sparse architecture to, 20
m nim ze the size of the nodel 100. The reduced size oﬁ BthNDﬂm 100 -
inproveggsrocessing times and allows efficient pivot and drill operations
during ﬁugﬁﬁ*ysis. In addition, the nodel 100 uses an PERUS®R0fost ect ure
to allow calculations to be dynami cally 5 perforned after the nodel has
been constructed. As a result, users can create new cal culations to anal yze
data intersections that were not anticipated during the original definition
of the : hj duces ti.ne .and resources needed to support pivot
and drirﬁgg%égﬁér t%ggé}igﬁgl%?ig t VaGHieni&t r&¥ oPtherprindaterd sseemtral &
poi nt frof wieh. t hehpovtals1@omaRaoese Chi&ALg admi-BLehtALlQn, ;. MO 01/09754
14 1 3 JAN %&O PCTNS00/ 20708 The ol fent. adm ni gt% g%’%}%ﬁs&%}%ﬂ dde€ a

zer oadmi BP&TaYiIiGh 2 GF tledts th&adutshar cal | sherapagesotiepl syment  of

client applicaldcnss t o-draxiiE Zze,USe kR or ce. and M nim.ze network
traffic, while assuring S the Igtestoag% icgﬁ?on%sarge§l eﬁge&ﬂby t he
cl Pent s. SPRELdiiskhifd t i epeqerihgl udemramsingrad i tyfol cl i apbgsl110.5he
clients 13@imay g hocgl t r rempte from each other and the server 30. In
one enbodinént,rk g&glﬁ ntghﬁléﬁﬁgﬁﬁFﬁé 8f1 LBEes¥iepsc| AAi nR sytdem
admi ni st paritdelid0 t58.t he sSlet veine30. enfo I @¥h OUS| Ysdescr ihed,,. ald, client
110 functgggg rre controlled by a robust set of perm ssions st ored on the
server 38 TPePAirSSi om? ar Egr & t otBeYh idrli vihetal heees autesacurity
groups oprtselegekn thi snwaydqal peonobustfungt it t he 15 busi ness
inéelligence portal 10 is apprqpr?afely gon?%%kggglgﬁ% %%1e?53’06¥3t0 al
us®rs acfBSECPREeEnt eftpri s@TAVildout Sadrimat over coopli €X cke ibess techni ca
users. ThgsskigpLgllQ. d.ncl cliengt APl 112 and a 20 graphical user
interface ?GUI) 1 4%ﬂrﬁﬂfh§g§ﬁlsgf?%ﬁeéoe JﬁanPetHQOEFféﬁ%olﬁ@ is
desi gnedhaieh belen coppanedt srbeivlgedavee pheeesiear, Jawy beans. .J g, this
embodi mepf . as described in nore detail below the client 110 I"G&rtifies
its conponent s whéf g?%&bﬁQﬂﬁQﬁf%i%% EBRneperss iwint of heheesyetted0. This
al | ows efhiehermtacdnittsty abboNaBbripech! | - integrati on of
aqgitional functionality into the client f%gﬁ %%gcbl|é%¥nﬁpﬁ%ffén@bnprises
a et of I cRAssBEe¥PBESEef i ne how the client 110 conmunicates with the
30 server 30.Becak he .clj . API 2 allows any Java programto
communi cate wit tﬁe é%rggr %ﬁ?géﬁgeﬁ%%? riy displaying a wide
variety of formats, such as, for example, tables, graphs,

reports, pivots, and web pages. The views 60 may be
either live views representing current data or snapshot
20 views of data at a particular point in time. In
addition, as described in more detail below, live views
60 may be scheduled to be updated automatically at

regular intervals, updated when first opened, and the

like. Snapshot views 60 may be set to overwrite prior
25 snapshots or to create a sequence of snapshot or rollover
views 60 for historical analysis. The views 60 and

portfolios 58 can be saved privately by a user or may be
distributed or shared among one or more security groups
54 to facilitate collaboration and decision making.

30 The security manager 36 manages security in the
business intelligence portal 10. In particular, the

security manager 36 includes predefined security tasks




,1 3 JAN ~~~~r wo ono9~sa PcTic.rsoono~os 15 may efficiently add

additional, customcapabilities for its clients 110. The graphical user
interface 114 includes a set of adm nistration panels I%Gs JANS a0 f user
panels 118, a 5 set of wi zards 120, a query conposer 122," a set of viewers
124, and¥QOpPYperty inspector 126. The adm nistrative andpgfgise g s 116
and 118 provide graphical displays for guiding adm nistrators and users
through their respective operations. 10 ‘The w zards 120 divide creation
processes into one or nore |ogical steps and gui de adm ni strations and
users through the creation process. This assists novice users and ot her
‘i nformat i cHRAATESIW t ol de it @ igrognaser ngokoadid edgesn gasf or mi ng
gueries ahalyzi results. this way, all users within an
enterpri ?&r_e a%l eé%)dlgsf fi %iy'ent I yjrgge F%guﬁégiyneé’éarﬁﬁ%lﬂ i Yencélfertal 10
to extrad®rasdinghulsedatra tandht éeaetlyy | HhaevealNews AR obrgpeiaLi on
W thin anﬁéanta ;ipri se. _The uery cogooser 122 specifies where data cones 20
a S

from what” sibst antfve Yy Loanynhswitt Pxivélpgest ofedn The

quesy commosert Iaduay) desna t@iaphisal i pr. f 4 ery nodel s 56
to allow users to intuitively under sa?;nd aﬁgsg%{nera t eﬂl%%0%6c?% sui t
their parfdTdarestRibssh | gnghdnahierti heaecurié yquEoy 2Hhec opesessd 22

al | ows Usigft%e1t1Q AL %%erttahoslq).data el ements in a nodel 56 to which they
have privileges . The query conposer 122 saves user edits of a predefined

query nodel 58hgs quemser gedepredrquas yprodetbet2&idisthican ke J4pl oggded to

and execyf et%b%eth 1(@3%@? 3g. 30 The viewer 124 creates a conbi nation of
data views Tor tabfeST T HrEphs® rapotts, HIFAR, b phgesatand tard|ike.

THe® vi ewprowk24 alskews user deffaneag | ¥heW bel vk 0fog AR 01 09754 16 1 3 JAN
~~p4 . PCTNS0Q/ 20708 | any view_60 of datgﬁt cgy;ny oot er :a}tgn%'to s%}%? and

filter dRgdcfABed e@yesY cBRASIS0 BE egpoht edefdndTMtHeor dutdbasdi on on a
web ser vebn@leck9bnSh@kng 4 3 revi ously described, data
on@lectQbnS N@hl Qérﬁl@%f%ﬂ%ﬁ%\,\s %Ago[‘?umngf ax[p%%s

views 60 may be live 5 or snapshots or ~por °%i ews 60
can be s&Wed datiakhgssl.y e hahlawabhdi yodualt yses snaWrcsdial00 GH{La or may
be di strimgldragg gndeih%rﬁd anobng one or nore security groups 54 to
facilitafe cofl aboFatrom &hd IWFEFF mah Pl 1vs9¢t hPw the Wusamyr. 124, a
tabl e vi &her prddediisipldaygué 1y OmBAEL QN 58S @aﬁebieesléqjelcogp Ee@l”%é{&)ws- A
table view tyg{ycal lX serves as a starting point for deve gg. ng i deas
because f‘?ef}r | des+8RI6veraiide i déa UsersovE nbemfaimonsageor ganiwzed. | n the
table vi gWeryggrs can 15 add filters, add calculated fields, and add
summary and subtotal information. Colums can be rearranged, hidden, and

ot herwi se nodFheedatebasenaccassheysurened @nthyl eded Fundichibezant. evel s.

and software for accessing and querying the databases 20
20 and for returning query results to the server 30 for
manipulation, analysis, and reporting by users. For the
illustrated embodiment, the database access system 40
- includes a query scheduler 72, an SOL generator 74, a
connection manager 76, and a Java database

25 connection (JDBC) 78.
The query scheduler 72 initiates scheduled queries.
As previously discussed, any view 60, including the data
and calculations contained in the view 60, can be set to
refresh from the database 20 according to several
30 options, including specific time schedules. This allows
views 60 to be easily refreshed to reflect the current

state of the data and users to always work with the most




A report viewer 132 displays data in a report 20 format. A report view

provi des a robust, banded report tormat and facifirares aotomatTcrepott
generation and distribution. Users can freely arrange fields and col umms. in
an interactive graphical design view of a report while dgi cs‘z%hiul at’i ons,
subtotal s, groupings, 25 headers, footers, titles, and gr pm . graph

vi ewer Y9PYPSA| ays graph views of data in a wide vari et ycafusderfazeand 3- D
formats. These formats nmay include, forjexanple, bar, pie, line, scatter,
and radar graphs. Wile working with a graph, users can change the 30 graph
type or contents by filtering data, using a subset of the original data,
and dravx{lgyt;gi_ iargensi ogal dgt a. Theérci;raph .view can al so be changed on the
fly, by sortrng®-WoB1P8752°17 1 1A tionpCTsmpehop798ewhe 60ecor ds
a differeah welenutasmareldams, cbanghngdelhe: gr (4l HOPgLt ies toﬁﬁl%i ot vi ewer
136 provides pivot views displaying nultidinmensional, or cubed, Jat a al ong
mul ti pl er%paFErﬁﬁé"Voﬁ%f. TRRRSAPY oWd eHsetd thrsdd cenahtedisamel nfuriryat i on

al ong dispagat ecgi BRSLANS t i b e erspectives on the activities
and perfor mance of an gnlt er p‘?i\g%‘pTﬁ% %{g%og’gw 8@&%&‘3&& %rhi“é’idéﬁt@ﬁi es in
the nul t3pl & Gitensi-ons wiech ddndsy usatsitasder f oamadrF+1adP down, '

drill-up L rough.anal ysis. As described in nore detail below, the
mul ti di &%2%8%%#\%%2&5 girggtéé%8¥§ ed Pr ofh t BECHAI t PHi ie¥_RTDnaliast er age

nodel 10féharedrpwosefoliienss . 138 provides a built-in, crossplatformweb
browser. This_allows users to access work 15 products and web-based
Internet or |hefanEQlen/FeBRaFPE. Réporiecekverm| eossreadabeddi nost her

Vi ews cah&essxeqrtgdeto HiMuehQr ing t bsi_t or _di splay through

t he browser ilﬁt erfa%efE he prgpertsglghspgct glrs 26aa%lsoﬁ§nﬁ§gg§st o%change 20
dt&pl ay frwpert i 8@loRiugyarfidc dxecwiiewn by che eshadtlesh, mhhegREoperty

i nspect 126 i eless...In this enbadinent, the property inspector 126
appl i eso{ e chgﬁgg{s)g%/\%i I'eon e Ser B ehﬁ‘ ARG U 86a@%ﬁéﬁs?ﬂr¥nt with

di f f er enti spldyear ahdorsliard aft nidustess bef Qﬁeo%étszl:%h?gc hg.pragerty
i nspectqr_122. }ggf her, the client 110 and server 30 of the business
intelligéhce$ able addakabpest egiRSFAYEF10BSan asi er phieseafhéor mat i on

St ruct ureScaiee 4 OVi 683 sa 3iy s r or.integrated _guery,
r egoorti ng, and 30 anal ysis %sgr{&g\}rle@% ﬁ%se%ént%?/&eéfiéﬁgi %chml?géow de range
of> user $OTBEFRRIES twikt busl Heske | el Incgepregpaintalngl 0 ki lleagkul ¢y

I ntegr atﬁﬁﬂ;r Qfsse arénecpt %’e[%{elélec tgqr%npotcthgl business intelligence

portal 10.

In one embodiment, the SQL generator 74 includes

dialog specific generators and an SOL parse tree to
20 generate the textual SQL. The dialog specific generators

correspond to the different types of databases 20

accessed by or used in connection with the business

intelligence portal 10. The dialog-specific generators

may include, for example, Oracle, Sybase, DB2, and MS SQL
25 generators,

The connection manager 76 receives textual SQL query
requests from the SQL generator 74 and communicates with
the databases 20 to perform the requested queries through
the Java database connection (JDBC) 78. In the

30 illustrated embodiment, the connection manager includes a
modular query engine 80 including an intelligent dataset

82 and a library of data drivers 84. As described in




WD 0l /09754 18 1 ~, JAIV eu~~ P /US00/20708 10 facilitates routine

enterprise-wi de analysis delivery and sharing of Intormation. AS a resutt;
far nore people within an enterprise will be able to nmake regul ar and
. productive use of data that already exists for the 5 entefd iJAd. 20CURE 2

is a fI% @gg“amillustrating a method for initializing the business
intelli gencé portal 10 in accordance with one enbodi nent RET/UR/207a8sent
invention. Referring to FIGURE 2, the ngghod begins at step 200 in 10 which
a system adm ni strator defines the user profiles 52. As previously
described, the user profiles 52 provide perm ssions for users to utilize

; features i Rethg 1Sy Next step 202, the system adm ni strator
defines security groupgggg%.‘”As b e\%Bﬁ‘m HESEFi 4, @ashf iskgcuteuni ty

ri ghts amrgseldinegedathdiase usperanbenits ane tiha i Qpbrf H!aéa%éther
i ndi vi duagl2 rsieqlht stasaaﬁfi ngd in the user profiles 52 and the rights of each
security group B4t o*hi BhORESoAasRe BeIvsHSs . 84rbeerdi g 1obsacp 284, the
syst em adwddsHamt ore 20 pgeiFehat es agdal-gbasg alias 50 for each_of the
datsabases 20. The dat abase al i asesago p?even %?'ect t‘f‘sser aac’égggiFo t he
databasedabtkisferatechti meshedgatare neegniaydarddt andakend tdgessiebl e for

non-techmeed Aéense tQ, ,gig?gcgg?se%gﬁpgrg?}@e data w thout fear of

corruption. The 25 database ali ases alsSo S &g 1BBol connections to the
physi cal dat afdsescadhendnarisayeaby4peduee ddwes nenheycef dat #AssLopnections

required._t ort | ar ge nber, of clients 110. Next, at step 206, the
system agr%‘l%r?%sliﬁ%aﬁ o?‘@s%a%%%eggt 2Rd; RePEPSESES rréraqserSf nodéle &schsi ng t he

query gememaber 32 Fheepvedekiated é}b@fa\/CE@dGE%QGt%%“tofaodalx%a*%ﬁese'fémntS in

a %at abase 20 to which any particular set of 17 users w ave access.
A %addi t #8n, TERROPPEJLIS nBYSEervewetiats Smd efeedst thmnt ypes afheueri es

t hat canphgegxegut edpgad j X} comput er .resources that can be
used to gxggute t he qugricgg:&{aeﬂgn%%%élal %%%]PESS ajséﬁ%&roﬁ’&“\ﬁgé’n Wit es to
prevent Ebe- awpcess nhhrerdu4quiriesng Step 206-Heads Lo trhesengof the
process i,Gh the system adm nistrator sets up the business intelligence
port al 18¥11p\§+r] tgjsee Q\Aa?ﬁ%Bgn egf%rrf?ﬁie&’eAsuri@eﬁ%??O%f thak slatap mwcess,
permi ssi bas avHegtweseesshotaBsgr sroayevbgen debingd ié&jg qgfiéi%lﬁf ptrol

E I's a ow

aﬁgess and distribution of data within the system  Fl
ditagr am PFPGEEREE Ry eS8 Qenerating the predefined query nodel s 56

in accordancerje Witk APE.EIPLPM BN -8E 1t he U5oEn 4i g\e/:ggg:iagg's lar;lci[ hi's
manipulates multidimensional storage models 100. As
described in more detail below, the multidimensional
storage model 100 utilizes a non-sparse architecture to
20 minimize the size of the model 100. The reduced size of
the model 100 improves processing times and allows
efficient pivot and drill operations during data
analysis. In addition, the model 100 uses an open
architecture to allow calculations to be dynamically
25 performed after the model has been constructed. As a
result, users can create new calculations to analyze data
intersections that were not anticipated during the
original definition of the models 100. This reduces time
and resources needed to support pivot and drill
30 operations.
The client administrator 46 provides a central point

from which the portal 10 manages client administration.




enbodi ment, specified data within the nodel is automatically linked to the

extent possible. In addition, database elenents are graphicalty drsptayed
to the systemadmnistrator to facilitate generation of the 20 query nodel

56. Referring to FIGURE 3, the nethod begins at step 220 i3n AR ?m]’tt he query
em .

gener at or ?gi} automatically identifies and displays to a systel

admi ni SYPABY >t he tabl es and col ums of a dat abase 20 f oPCHMSeM0d0% uery i s
to be 25 generated. Next, at step 222, j4he system adm ni strator selects .a
subset of the tables and colums for a predefined query nodel 56.

Proceedi ng to decisional step 224, the query generator 38 determ nes

whet her da 20 . |..30 forejgn ke FK)/ primary key (PK)

i nf or mat ?1%% F%Iﬁa"?%?1 g:r ei ggnlﬂﬁle%f;gptﬁa?ntfrry keé/gi nf B%R&tl%;al | dws F&ERi n

di spar at edhabiesrboibe aatohmbtecality |imked. autMh01£89794 2Rraled JAF
1~~~ PCT/ US?O/ 20708 Accor%irf_‘nq_lt%, i f the database 20 includes full foreign
key/ pri naty* REYSThf ot i TiCtthe FRRIBTFAREANS d8ci STRENIZEep UBRS | eads to
step 226péArahnancehidnd thalles A endubormt kealdley J i fuﬁf{i] 0 tables in
t he pr ec?l%fi ned 5 query_nodel 56 using the Fgrgefifér?'key pr%rrgrg%&k%gglg ‘
i nPor mat Fof. L&tept 2oBPlégasienSt ABE epdiway st heepr byethe Atliteritss point, the
predefined g 56. ¢ r. further edits can be made by the
syst em adni n?@?éf(aggggnﬁe&ulr%?nggt Eﬁ\éggﬁ%ison%l pg' ESEQEX, T Fgllﬁnf:érei gn 10
key/ pri nat§. keyhentarneatson1osmaget bavaolkall eo tde Nemdranehonf degi si onal
step 224 éeads tg gn%%l sional step 228. At decisjional step 228, the query
gener at o7~ 38" dB3PEr e SSMYEThetC f ul 12 pPPRRaSRRS) Mekttor nele® o Litenawai | abl e
from t he; dat pbased20.a1Pr Oyése M, Ofnkulhliid5 REiJFRLY Mihﬂ%%%%ﬂ“ al | ows
parent and child tables to be deternined by a database table search.

At%or di ngPythef sexYepr BRary Ry prevéomslivondéscavheéiablagl t héi¥es branch
of deci s{pmal : | egds t re the_database table _search is
perforne%ﬂ?o gé%qgrgr}l%%% par ent 23%%51%%% \(ljv% abl%s. T %Péc’lr% th%e%ar 8ht and
chil d t abdesisseodet evtmuest], ohheyhear eeaweamas o cal | pelrmiled dris gaprer ate t he

predefi ned query nnﬁgl 56, The. predefined query nodel 1, may then be saved
or furt r%lfargtcﬁ(i e§pyPIHE %9%%%%?’&?1121 H??Fr’sa?%?é. BEeGBTREYUrFT NPT 0Cdeci si onal
step 228séfsful | Tpriemiy key i ntpe mddiaisd s mel-ravaidahle, déheca branch
of decisional step 228 | eads to decisional step 230. At decisional step

289, t hPtRiNSEYenctAt ol HERePi na2ONiek herlUni gue | miexroptdapeiion
capabl e of 4 ddYi 09530 paLent ang child I is.available fromthe
dat abase 2r(]). I'f such uni quelg@rl£ nét}ﬁex In o:]&nc}ati%ﬁpi ?%%/I:ﬁl a E?Sf‘het%s branch
of deci s$wretpisiep F30hbebdsdemisgepBAcorplex to less technical

users.

The client 110 includes a client API 112 and a

20 graphical user interface (GUI) 114. In the illustrated

embodiment, the «client 110 is designed with all

components being Java pieces, or Java beans. In this

embodiment, as described in more detail below, the client

110 identifies its components when establishing a

25 connection with the server 30. This allows efficient

administration of the client 110 and integration of
additional functionality into the client 110.

The client API 112 comprises a set of Java classes

that define how the client 110 communicates with the

30 server 30. Because the client API 112 allows any Java

program to communicate with the server 30, an enterprise




WO 01/09754 21 1 3 JAN 2004 PCT/ US00/ 20708 step 226, the uni que index
information is used to search the database for parent and child tables. The
gquery generator 38 then automatically links child and pgr D taﬁé)es to
gener atﬁ,otdiﬁ,g%gedefi ned query nodel 56. The 5 predefine % l'del may
then be"saved or further edited by the system adm ni st raPeF/USp%0&i ng t o
deci sional step 230, if unique index ipformation is not avail-able fromthe
dat abase 20, the No branch of decisional step 230 |leads to step 232. At
step 10 232, the systemadm nistrator nmanually identifies and Iinks child
and par ephyt i e e I fin ry |, 5 [n this way,
t he predef?n?(?'%?elﬁéjlt%o%gelggangdlagrtgo?%qt'heggiggﬁt Cpa[(%)ag?]b][leéi%%t g%ti cally
gener at edt@i chianhBmAlOadmi ni strator interaction. It will be 15 understood

t hat dat abase bl t I nts_may he ot herwi.se suitably |inked.
FIGURE 4 is aﬁ‘?oﬁ?ﬁ‘%&%i qei 14 ?ﬁéasen&blﬁodl%iuaﬁa Gyi Pt aRd
mai nt ai nadgisisenatappl ipealeilensiie, aacHstanee Wddy oPgngmodima,nt z0f the
present invention.., 20 Jn this enbodinent, client applications are centrally
de%l oyed*ahd Mai ntd frofvt hd SEISEY FPTRITRF a %38 n ooestrap appl et
that is viewestlyigacd tdlowal ogdodaya,cl asngseloos ngfehe o igpl

is i en

applications to the client 110. After t , all upgradés to the ¢
sof t war e2@RENPSt HakhEvaut dRat | Baery bpnels sdrer B0 upbhsi nprbatélen of a

new sess e Gl 1 Part .0f the.installation/update procedure
i ncl udeséi;%%\}n?%/%%gi r?%sgei%gﬁi flgos glhﬁggﬂgst?%?%ﬁ%ﬁ%ﬁ%?ar%‘%e%g?iﬁs of all
nodul es Endougisotinees vaspect ientoddPat 36nKReferring to FI GURE 4, the net hod
begi ns at step 250.in which a new,éonnectio_n to the server 30 is nade by

the client 1107€AW1ERERS2520 (ALVEDSt NG AYeRTOBRSERE 1MES 9AR ~pp~ .
VO 01/ 09954nBEd 14800420208p32a Rk g abl Aoaneitllat 1416, Usee’ 8500 | es!

file to the server 30. Proceeding fo step 254, the server conpares the
ver si onstifoudh wBeurssatngnr provesss | i Ehed bastisess manidestusérke to

current yegsions,of tggﬁ_c Laspanding files in the server %0 ﬁ) gecisional
step 2S6, the server e ea‘rscflnpo(r%gs \ﬁﬁoe’%%uer?e%%rre TEA94E of YRE2HDEGI es or
r esour cesregeanui niat ledobhsége ohnt per€6rPahiS eftie rlife <5 e 0anal |z 9hgt he
ul es or rgsources are out dat eg t he o ,

results. n this way, all users within an enterprise are

able to efficiently use the business intelligence portal

10 to extract meaningful data and thereby improve their

area of operation within an enterprise.

The gquery composer 122 specifies where data comes

20 from, what substantive data to display, and how it is to

be stored. The query composer 122 provides a graphical

view of predefined query models 56 to allow users to

intuitively understand and alter the models 56 to suit

their particular needs. In one embodiment, the query
25 composer 122 allows users to only see those data elements
in a model 56 to which they have privileges. The query

compoger 122 saves user edits of a predefined query model
56 as a user-adapted query model 128 that can be uploaded
to and executed by the sexrver 30.

30 The viewer 124 creates a combination of data views
for tables, graphs, reports, pivots, web pages, and the

like. The viewer 124 allows users to easily switch from




10 Yes branch of decisional step 256 |eads to step 258. At step 258, the

server 30 generates an increnental update for the client 110. The

i ncremental update includes only the nodul es that need to be updated. Next, ‘

at step 260, the server transnits the 15 increnental updptje JAN 9hg c!ient

110. At woepesz$2, the client 110 updates the client side ?%E)Hi cations based

on the increnental update. At step 264, a new session is S§02078hed f or
the update-to-date client 110. Returninipto decisional step 256, if none. of
the client 20 applications are outdated, the No branch of decisional step
256 also leads to step 264 in which a new session is |launched. In this way,
t he serv@ny30igs ef?i nés dahat |, tof aany oriegul ( cl asses), are

out - of -date, m ssiihr(]3 ,. 0r obsol ete agd t hen sagll&écte|{Dv%?)\>ﬁpu‘—’lsrﬁczsgi’i}tée’éorrectg
25 modul es 16 the Usel *§¥fach? €38 ohlSi B¢ aaxppaaedd tani®s! . tds a

result, psbildcaeien Rave twepBdda LY HpdaLe Ghi

ent. so.ft\/\q{‘%\ and are able to.
easily rgsm between different work stations to I'ogor it Houtat& e ring

their appFi catt®nBr&NdoHaLY fdezerilbede gotaeivisial |ed payeash SLalion. In
addi ti onprt B aglshenrts | 10, ut-es qui ckl nd is_always up-to-date while
WO 011 09754 23§)is 3 JAN 20%%‘%&??@8’0/%%@ n?$t PAt iVéewss &ferttaral |y

mei nt ai nBE aRA@vAEt werk viataflfy ¢ wstiini mhaed: nfk GYBELS | 41,01 0w diagram
iIIustrag%leg n%tr%od c1;or adapt i ng,and_executi ng a query node based on a 5
predefi ned query “Wodel ©B56™PK ofYahEePUFef @mel esibadedentonty tdie present

i nventioor mmorchi seeukadymegtoupsedaf i pgd Ayery, els re generated and
mai nt ai ned.on the server 30 by lgn adm ni strat o%/lg%%e prcééi 1¥€%rs upon
request Y JeriFicat rekisg access privileges. 10 Referring to FI GURE 5,

the nmethod begisiAt tlen, .n.which the server 30 receives a request
froma user for alpr edef i nge‘%g%]terl\garfnaael p%%ieNé’ﬁt?weaﬁ $88p dgplaylse server

det er m nERfermattessias ea padrios 0bft e pfredel bpad SUeEY noglel. .26 based on
the userys Vpr'&&ksgﬁ. The 15 accessible portion is a portion of the query
model 56 that hay be Vi ST FheduSERTtinda Rrimt cfibar deveddident, t he

accessi blaegor tbesaaget he tpr gshedd gds qugny 6 may al so_be_ the portion
of the qjg_?fr(%/ model editable by the user. Degsg,(ré%]‘iar}gti olng%‘? tﬂ£ aé@é’ssi ble 20

portion A G PYet FnéF IpIErsedodellns & hmyt bblacaanmt i shesh-HYy <dat er ni ni ng
t1® useradd privibeges J4q thg I d then determning the

accessi bl e portion based on tﬁg%gggpg%‘ﬁrl%{}’l’l eﬁ’%@. adq BRI AGAt he
accessi Htssal cinfdrmaei @s. pr edafimmed Gue e n@é’lﬂréﬁgeaheﬁg&%gr 30 may
al so detgrym Aot ect 9 gorti on of the predefined query nodel 56. The
protective portion s The'}efigr ni MGRGETSt e Rf tearteedoand omiewed he

pr edef i reed dufefraramddleafls As described in nore detail below, the query
conposer 122 30 nay conceal the protective portion of the predefined query
model or ot hér wrEEPrtohiBiavedi 1532 o d¥rpYaws ecdada pothi oa ofepdier

eedef | Fegm@uery ﬂDQ%bortVWEQHO%E%%ides a robust,

format and facilitates automatic report generation and

banded report

distribution. Users can freely arrange fields and

columns in an interactive graphical design view of a

report while adding calculations, subtotals, groupings,
25 headers, footers, titles, and graphics.

A graph viewer 134 displays graph views of data in a
wide variety of 2-D and 3-D formats. These formats may
include, for example, bar, pie, line, scatter, and radar
graphs. While working with a graph, users can change the

30 graph type or contents by filtering data, using a subset
of the original data, and draw multidimensional data.

The graph view can also be changed on the fly, by sorting

|

|




24 1 3 JAN Q004 PCT/ US00/ 20" TO8 Next, at step 284, the server 30 downl oads
the predefined query nodel 56 to the client 110. At step 286, the query
conposer 122 displays the accessible portion of the predfgzr](éﬁ bjery nodel
56 to the user. In 5 one enbodi ment, the query conposer sg S a

gr aphi cAYOWREFbf accessible data el enents defining the pperfeSiormevhsquery
nodel 56. In displaying the accessible R rtion, the query conposer 122 nmay
conceal the protected portion of the predefined query nodel 56 to prevent
10 editing and/or view ng of that portion. Proceeding to step 288, the
query conposer 122 .receives,  user edits to the predefined query nodel 56.
User  edi t& TeyS TRERTIdETt Re HdiiEHSHn Frddesedectebh @5 ghensase thel es,

col ums idrdgte ghedpdaseetabl es, and 15 joins between the database tables.
Next, at step 290, the query conposer 122 generates a user-adapted query
nodel 128 basdd BAV@ServieeaWes (g6t Hereictdssi bizoponties ofli sheapindef i ned

query m%léﬁ%irrﬁ%néf&%fgz Et}e u%g{b%%apt eddﬁiré@nf%g‘lhe}ggkﬂigiiaﬁoaded to

the server 30 for 20 exec(tion. At ep 294,
auttomat i chinlensgjerres at es Thdat absalskowrier ysbased ten tdhg desergagdapy eds query

model 128. .The databas ue@/. coagari se&text ual i SQL that can be executed
by the conhection Han3gelI76 4B F 5 fer FOPRREREN§uELy 93N s@bhfooent t he

server 3peregriottisrddie dreSUHsS GlctiRa el Y arfS BESYLIMS gedegﬁriggd, the |
gquery results are initially stored in the server 30 by the cache nanager

42. 1 Pr 5O&&EFRG S deding opavost ¥ erossupgorte hiergrdbiksclindeshe
mul ti di ngpsiranale apahysi he,Yes branch of decisional step 298 |eads to
step 300 in V\h@)?ceh a n%ﬁ%?aprgmg@z%ﬁlalé@%“fsaglés%ﬁeﬁoléi?ﬁéoﬂgn‘i?h]t d based
0A0 wo GiowyQ7sdr Pl +ip 3ahaN drdgdl RER GG/ 20Z0Psibe resll dsscAibst ep 302,
t he mul tii%i rr%nsi ongl tg\t;ér age nodel éOO is_used to generate pivot, drill

t hr ough, *and™0tFer “Vi aSt&8uestBa byl hadigepsional views are

generated from the multidimensional storage model 100.

A Dbrowser viewer 138 provides a built-in, cross-

platform web browser. This allows users to access work

15 products and web-based Internet or Intranet environments.
Reports or objects created in other views can be exported
to HTML for posting to websites or display through the
browser interface.

The property inspector 126 allows users to change

20 display properties of a particular view. In one
embodiment, the property inspector 126 is modeless. In
this embodiment, the property inspector 126 applies the
changes while on the screen to allow users to experiment
with different configurations and attributes before

25 closing the property inspector 122.

Together, the client 110 and server 30 of the
business intelligence portal 10 add a strategic layer to
an enterprise information structure and provides a single
point of entry for integrated query, reporting, and

30 analysis which are inherently extensible for a wide range
of users. Because the business intelligence portal 10

may be fully integrated across an enterprise, the portal




Returning to decisional step 298, if 5 nultidinensional analysis is not

i ndi cated, the No branch of decisional step 298 |leads to step 304 in which
request ed single dinmensional views are generated based on the query
results. Steps 302 and 304 each lead to decisional step 306. \} deci si onal
step 300YOvhes7server 10 30 determ nes whether the user-aiﬁgf odﬂ) g model
128 will be stored for later reuse. If the user desires to save the query
nodel 128, the Yes branch of deci sional 1§tep 306 leads to step 308 in which
the query nodel is saved to a selected portfolio 58 of the user or a 15
security group 58 to which the user has access. Step 308 and the No branch
of deci si baFastidy taoeathut bael eotdeprsbonalidet emaalPsi At ddagheignal st
310, the % et.er m ther the query results are to be stored

an 20 hi s?géi%?ggﬂgpgﬁo?ﬁ%%m\ag%gg r séife sret%‘]s‘ibrgth@OFésGﬁP@l@ a
snapshot , witieiyesirbr anckrotridecieilanabestap &l Qol aaditet G-shEk 31241 Which -
t he query L& ults are stor%g tﬁ a selected portfolio 58. ep 31 H%ads to
the end of The“btBcest®By Rhi cHabe priekRs | RAYy eviders56for25the

pravi ded ¢ocearpsesefor adaptation and custoni zation. The predefined query
nodel 56 is digg{l}g%gd and altered using a graphical view of data el enents.
This facilitat udt 18afa fdra Péiagrby dlllusters iand al hovBoAo¥bee users

to effecty . ayai | e.i nf: tion,to,30 inprove operations wthin
their or g%ﬂn%yaﬁiijgﬁ%ﬁ%l G%Jg% 6b}u§§§é ocknéFgéﬁgﬁﬁCﬁ uﬁ?’é‘{oﬁ]ng Y8t aitPs of the
query engeroBirnce awiohdance adddioreterdpdt BN refsentd 19vd5: 28,25 30 WO

01/ 09754 1.3 f]le ‘F~i [ ;1[6_113 ' T/ US00/ 20708 26 t he present invention. In this
enbodi menter the Fief§ & gtr i hief uBeshad| bgdme ot datepdrad@r $n84 and

ana ntel lvigeti datepeted2 QRAMARLE At ESPONSES query. r to
identify fromthe |ibrary necessar;l d‘gt a dri ve?s%éﬁe tggg'yefr f%’?l(ryngﬁssr equest .
The intel3q gent Afat ReRVBMsLy f fednuihgsbr abihe t mstet erpioi 1de negessary

chai n cortpry e hg The teeecls, Pab iR s cushTT RS e thedasarytoraer  and

to executtdd nsysiem. t heledat,a ar i mess Bk j nthbesgeiced! Lhdidsstrator
defines security groups 54. As previously described,
15 final security rights and privileges that a user inherits
are the union of his or her individual rights as defined
in the user profiles 52 and the rights of each security

group 54 to which he or she belongs.
Proceeding to step 204, the system administrator
20 generates a database alias 50 for each of the databases
20. The database aliases 50 prevent direct user access
to the databases in order to maintain data integrity and
to make it possible for non-technical users to safely
access corporate data without fear of corruption. The
25 database aliases also serve to pool connections to the
physical databases 20 and thereby reduce the number of
database connections required to support a large number

of clients 110.

Next, at step 206, the system administrator
30 generates the predefined query models 56 using the query
generator 38. The predefined query models 56 control the

elements in a database 20 to which any particular set of




‘ ordered by the In

Referring to FIGURE 6, the intelligent dataset 82 generates a driver chain
320 in response to a query request. The driver chain 320 includes data
drivers 322 necessary to performthe requested query. The data drivers 322
~are dynam |y ec fromthe library of. availahl e data drivers 84 and
s wﬁél I%H%g%t adéapteas%ét 8§%as‘% Vit he Jdis y BrsqiRisined n one

enbodi mentiertyhencditlas did veysst fidet e Yidy aby gherdesi vedf 1R gdase
class for which all nterface nethods call the next driver in the chain. In

this enbSEFTRES 2R FEANEr iV TRELBUR hSORDMGEST | F9SPBECpEaddmnt in a
same rel guhvengosidddncl oxdodbe ehal Noddlicts Uagd Nl el dig,er m each
means every one of at |east a subset of 'the identified 1tens. For T he

i | Pust rafednenbbatwenn, tatelel i tor Rhaven820rumchwaes aat amadricdenss DI, D2,
D3, and erPatd driver D1 performs a fetch database operation which
returns requested records. The returned records are next sorted by data
driver D2 andSitegexats byeddbatdr inkey €8d At ackei yelodded hep Rerifar ms the
requesteg search on the sorted and i ndexed data records. In this way, the

modul ar GHEry EXGHRE 80 AHIOVE T8 dar Gk ac¥Ress thep obusgresst 3 JAN
2-1 -4 . PORELS00LEARAS 10 dL5r 20 5. 30 8RO, (oxperbar pudat ghase
queries. As a result, the portal 10 need not be custom zed for particular
dbP abasePaéri®ls &HE tIRLWDSPTOEEPS ovibda b imgisht and tdreebiiss neesr

intellig p S d.. Fl E 71s a flow.diagramillustrating
oper at i Oﬁ@%?:st %{eat\?rébd%g%t}rl c?&gggl%ginglllﬁeggjgelrn Y cSPRERSE \/\??‘ﬁe%ﬁe odi ment
of the pdésemtibunient odndaRef eithihg theFEGEBEmM/, the nethod begins at step
340 in which a %uer]'?%/ request_.is received hy the intelligent dataset 82.
Next, at step®3%9RE; He 1fnfelfliofe st agaess 6tl 1835 thAtatne ap| fesbreciterdat a
drivers §dnkiraiihBe dHDr BFYGBECRSS AlNel e fyeny. & -

Pr oceedi%g to ste’ge344, .lt@he intelli gent 9d§§%%§{én8%%de%grr?‘l}éﬁgg%%ﬁ?eorder of
dbta driVéEh Speeewbsdiyend pdr ftdren Phesesguemventichep 306, thhie
intellig t 82 tcally structs.a driyer chai,n.,conprising the
necessar% gggﬂlgéﬁmr ssgﬁgﬁﬁéggecegéggy o‘?’ﬁéﬁlf’o p«\éylfaor mPRSlquery request .
Next, atastepa848alillye ilntrddd gety dahaseteex@etit epolslzadid ver chain to
perform tﬁgﬁ.guery re%lI‘J? st. Wthin the driver chain, the datasets 82 are
execut ed®PRT6FEBr WATRPESEN THTGHG LFexPraPiv&aidy i &ishearadi foupon
conpl et i BReOfsyistenO VMRS FQbr AS ars88Uk EarbNeqiart £019i 88 8@ eand

dat aset 82 are application i ndependent and can be easily nodified to
stHport @EREF¥umedraénaPfity by adding data drivers 84 to the library and
progranmm ng t L i gen set a thei r functjonalit FI GURE 8
is a block di ggflg%gkbug?r gg?ﬁg{%dgfai%%se %F%%Oﬁﬁﬁ%%%}#r%né#oﬁglaps¥groage nodel
100 i n atmomttacbe thid¢ hqwsey egboeiaeot 688 tshe guiasamdlinvedkheafiks this
enbodi nent ., the storage nodel 100 utilizes a non-sparse architecture to

M ni m Zea?ﬂe -szgilab}fstﬁg d&YSEEH F¢ministrator the tables and

columns of a database 20 for which a query is to be

25 generated. Next, at step 222, the system administrator

selects a subset of the tables and columns for a
predefined query model 56.

Proceeding to decisional step 224, the query

generator 38 determines whether the database 20 has full

30 foreign key (FK)/primary key (PK) information. Full

foreign key/primary key information allows data in

disparate tables to be automatically linked.




WO 01/09754 28 1 3 JAN 20A4 PCT/ US00/ Zz0708 addition, the storage nodel 100_____
uses an open architecture to allow cal cul ations to be dynam cally perforned |
after the nodel Z00 is constructed. Referring to FIGURE 8, the ' :
mul ti di mensi onal storage 5 nodel 100 conprises a sl ot 360_]f3)rjmacjﬂﬁ? .
di nensi ovo ewd754 sl ot 362 for a cal cul ated di nension. The !th}gm}zg%? slots :
360 contain entries and associ ated data_val ues extracted from a“dat abase ‘
while the cal cul ated dinension slots 3620 contain data cal cul ated based on ‘
the extracted 10 data. For the illustrated enbodi ment, each di nension sl ot !
360 includes an entry storage 370 and a di nension storage 372. The entry

storage FRTESHIWIYS aifet the ndatalpasse 2t inedudés f oulthersos 1@spondi @

di nensi o : 5, n-sparse entries are included, e entri€s
374 reprg?é’??%%%b@néﬁ?c“ﬁ?%%%?ﬁ%ﬁf %é?ug’ SakFadsdh SlueirTisienal
associ at edegat 229allemd¥6tol nsoep emmwdi AENGL i €RChANY Ytéﬁe%”% es a

poi nt er tott he assgcli at ed da&a value 376. Alternatively, the data 20 val ues
376 can BETSFGFEG 2l dhgt WERdt @ ohRFeRs sAblies the &her pmdefiged?70. Use |

of st he pejudters msdkBepakat ,$i,95 agepaf t % 376, however,

i nproves efficiency and pr ocessrigc%g speed éc}frt II?IrruF%PzPrrn%ﬁé’i}iré’naI Sf or age
nodel 1068Rf2EMRKAOH-menSFOR SR6r akradY 2t onthedesnd hef daha Rt dtRss 376
associ at gd wht jes 374 | . ry stora 7Q. The data val ues 376
represent uni q%e%%;l%ﬁsi%%ealﬁ?/%(?%g%g?%réfléﬁﬁﬁ Hgﬁﬁisﬁén?a}? bs ssFved

i nt er di memsifonghelri pldd t38@airs Har onddie byf AThe3 (s Racdin N SRAL SE €85 TY 374,
Each i nterdi ggi onal link identifies an intersection between non-sparse

entries 374 i PFP&PENt L Qi Psrsisohiaials| 6E8P36RR4 Théfsefubl fom@igm 09754 29
118 JAN RQgl/PEThiBO0/ ROF08: hnberdLaBAS| 082l pbi nka, 280, c! Udgs, ofe o ror e
n

i nterdinensional |inks. In one enbodi nent, e interdinensi ona ks 380
are bi - dPFeeEhomfl €8CAPRoWadf f$ternR2dr aleadal thetdeensibralli mrRrgi onal

slots 369,5Nn 5 gith L& hon m en poi nt. The interdinensional
li nks 3802%bl I e%ftti vg%f/glgélg% |hf ysé § i%be'r s&%’ei oA8S ¥t VB TRIRS paSse
entries 8#deiminhe dwhendicanal £810t Sp236MarAcCcatdd) Not ¥rodhhtiBher secti ons,

i ncl udi ng. no ored enpty. i ntersections, can be
gvalfag.r[e grorrnm ghe Satabase 20. Provision of full

15 primary key information allows parent and child tables to
be determined by a database table search. Accordingly,
if full primary key information is available, the Yes

branch of decisional step 228 leads to step 226 where the

database table search is performed to determine parent
20 and child tables. After the parent and child tables are
determined, they are automatically linked to generate the
predefined query model 56. The predefined query model
may then be saved or further edited by the system

administrator.

25 Returning to decisional step 228, if full primary
key information is not available, the No branch of !
decisional step 228 leads to decisional step 230. At |
decisional step 230, the query generator determines
whether unique index information capable of identifying

30 parent and child tables is available from the database
20. If such unique index information is available, the

Yes branch of decisional step 230 leads to step 226. At



10 determ ned fromthe non-sparse entries 374 and traversal of the
i'nterdi nensional links 380. In particular, a null intersection between

dat abase entries in a first and a second dinension is df emnmkby t he

| ack of the database entries in the nodel or the |ack of Y1

i nt er diME@A%OHIR4] | i nks 380 connecting the entry 374 in tIpeThusogto708 Mensi on
to the entry in the second di nension. %n-sparse i ntersections between
entries 374 in a first and second di nension are determ ned by traversing
the interdi nensional |inks 380 fromthe specified entry in 20 the first

di nension_to él}e specified entry in the second di mension and then obtaining
the data®v8Pué“%76 JURLERE WRAeX e farmatmy ia weedsdcormeadiakensi on.
Dat a and:thaf aiedbhHEe OlFal N tr rsal - t i Nt erdi si onal storage
nodel 100 is output for fur hg?YthS %}ﬁgce@g}%% a%%dleé;gc'ri be |Qn Fiore det ai
bel ow. THeNeHPEGFat¥ &hednsfvhoBeRicadlydebimksetchdfldabodl atadntal ues

382. The.gai gyl ated v 3 r Lues derived from predefine

cal cul at1 ons reques?eﬁégéég ﬁfélee? 5%?8&8 %ne%%%’f% WOH‘FHT mb-  The

nubti di nensdehane80 guermgemoddal hAQ. Thes, bhileavde radtidifmprsi onal

st orage del 0}% gh%vi dez an open architecture to allow cal cul ations after
t

its creatidpncdc oP¥RESIs 20NN SETRYQL At WD 011 09754 30

PGT/ USOQ! 2070 ea-auha! 110hs deedisasiarl bycLBe 41561 Wil huhlig,godgla gre
precal cul ated and stored to mnimze processing after creation gfe he nodel
100 and Yeterprbient he spsedvilahie dinemsibaatianabbygsi 20,5tEEGNRE 9 is a

bl ock di i LEu L X | ar a 400_and, _an npl ary

mul ti di n%%li?%?rlla{fsta%{r:gé%ggﬁg e% BOérja#%aedséxté?rpF'é?y gé?a 4%(5. SREPerr i ng to
FIGURE 232 he e npiertenateaindiii s thed tishes melnitesisi wnsi en ik & and

cal cul ated ]gi mensign %%2 D nensi on ﬁl includes uni que 10 entry val ues A B,
and C whi 123 ﬁﬁﬁ;gor‘—i‘ RACFUUes2RArfud e f®se At feshy, predefigedand H.

The cal cyletedndiigBNsEON @3, iﬁ}pilgjd@asypahqéllggggeg?ggdv%@;i%%?ﬁé,lg& 4, 5,

and 6 corresponding to different predefined calculatio xenpl ary
st or age HodePr20X % nEhadesctrmendrssablsl, otautodat bratlyewsinemsated and C2
and cal ¢yl &t ed, di pensi ongl s sb for,_cal cul ated di sion.C3. . 1n the Cl-
di mensi onal sl ot %ﬂ t%%héﬁ%h%%glégg)arl §P§F§g§1§t&f€'i ncl udes w&r]rﬁuge
difrensi onulenstioed fha, dandb@seThmleenid stheagelédhenktBChudepeentries

t he. data val u re associated and pointers to the data val ues.

i th whi .
VSV: m | ar :O&fhetlﬁ%l%i %?h’é?@f}ssnan§F§§O4o4 i ncl udes uni que data values D, E, F,

G and Hin direwesEopalsshorags 4ihgEmh ra}’lﬁ&@iﬁﬂ@if}%Gai RekHdgssgptries
associated with the 25 data val ues and pointers to the data val ues.
| nt er di ASREVHANI | | ARD 420 o iR§NENt eFdéentons abpilvsat ionsr i esnp and t hus

Cal cul ot ey Al heeny o gga R TRl O SR e BB AR 288t  ned 0

i4%t er sedtnl ovbisf embadimerite CrlamchtC2 aghipiersitansms Freom t kenexenplary

Z;gr %g:% ﬁfégﬁgéye%) Zanciit m%alrlllt%eirgeeé e%@;nrrr]\e%’hef OSreIQ'\)f(eagp |3% &shiargg ean ! tr: ir\{al ues A
boot strap applet that is initially used to download Java
classes forming the client applications to the cliént
110. After this, all upgrades to the client software are

25 done automatically by the server 30 upon initiation of a
new session by the <client 110. Part of the
installation/update procedure includes downloading a
manifest file 1listing all names and versions of all
modules and resources on a client 110.

30 Referring to FIGURE 4, the method begins at step 250

in which a new connection to the server 30 is made by the

client 110. At step 252, the boot strap agent on the




1 3 JAN 2(~~~r WO 01/09754 PCT/ US00/ 20708 31 C1 and C2 di nensi ons intersect

in that they are connected by interdi nensional TrnksS 4Z0. TU can be fuortter
determ ned that entry values C and D do no intersect in that they are not
connected by interdinensional links 5 420. Entries are cgggejéﬁd, b

interdi nensional links if any one or a series of interdi sioNabllli nks
connect MHH/08Ffidri es. FIGURE 10 is a flow diagram il ustr atrngoeezdies hod for
generating and using the nultidi nensi or}?I storage 10 nodel 100 in
accordance with one enbodi nent of the pfresent invention. Referring to

FI GURE 10, the nethod begins at step 440 in which the nultidi nensional

st or age del 10g is generated by the nultidinensional nodel nmanager 44 i
responseg;?&eﬁtqu 9T 15%d Ghe pased 'sn manifestt stbiet heo quirdrey é
request . sEhgegugpy request specifies the dinmensions and data di nensions for
the mul tidi mensional storage nodel 100. In one enbodi nent, the

mul ti di mensi oR&APCABEENINHitagerens 2fdnertdiesseheenulsio dismepsi@aalk het or age

ocord. Y he 8Phgns? bnal L val BeR R0 (HTh VACRME SR THEFHL dodthe o

record, the dinensional val ués

Ther eaf t Bapifestedtilali menstonaényaliee sachsa @at aneecehdrbifondin

mul ti di ngnfi onal rrggel manager 44 determ_nes if the di nensional vgl ue is
present Th &nt ry” 2576t oFaGES3702%1 n viMi cAcEa8dopalnester @560, Ekhet he

dinEnSiOQva§ﬁ|B©id%ﬂEEmiﬁ@§theEﬂeEh%d%@ré%sg9ia%% EVN ﬁndgﬂggy 374 is
created for the dinensional value in entry storage 370 and he
cor r esporlli A§ SPAHESFal #ES 3PEitstadras haseld nensitdre stompgeisdada. | nI€it her

case, th i i ORS .ar.e versed fromleft to right to create
i nterdi nﬁ?ﬁ'?oﬁ%{@ﬁngg §gl§ fn{obfﬁqlhéeg 2On ries FHFT ria%%t?’s}t‘g?g?éget§?0.
B4 sting¥és nksanrk péuskdisidenl i okep 230 04488784 I dp pslg 3 JAN e~~~ . |

PCT/ US00/ 2@70%8:§hat are mssing are created. In addition, for the
ri ght - moStCRi ABRSI IS dEERVEAl uds FRATIRIES 0PNt HECTETSTH: & eunddtd by t he

nul ti di nessi onal copdet managerrid. i ddraMdde dae WSt 0odh L hal &H?y
mul ti di nensi onal _ st or age
the modules that need to be updated.
Next, at step 260, the server transmits the
15 incremental update to the client 110. At step 262, the
client 110 updates the client side applications based on
the incremental update. At step 264, a new session is
then launched for the wupdate-to-date client 110.
Returning to decisional step 256, if none of the client
20 applications are outdated, the No branch of decisional
step 256 also leads to step 264 in which a new session is
launched. 1In this way, the server 30 determines what, if
any, modules (or Java classeg) are out-of-date, missing,
or obsclete and then selectively pushes the correct
25 modules to the user's machine along with an updated
manifest. As a result, users never have to manually
update client software and are able to easily roam
between different work stations to log on without
requiring their applications and data files to be
30 reinstalled on each station. 1In addition, the client 110

executes quickly and is always up-to-date while




5 nodel - 100 may be otherwi se suitably generated. After the .
mul ti di nensi onal storage nodel 100 is generated, step 440 proceeds to step
442. At step 442, the nultidinensional nodel manager 44 ﬁgcgéNGiQm Vi ew
request_for ubset of the specified di nensions and/ or a mensi ons.
Next , awoé)tl@%siM, the mul tidi mensi onal nodel manager 44PEEUEN0A0SS
traversal s necessary to generate the vhew fromthe storage nodel 100 and a
starting point for each traversal. The traversals are defined by the
speci fied di nensions and the starting 15 point on entry determ ned based on
how t he . [ rganized, ln e enbodi nent, .the | tidi mensi onal
nmodel mﬁggg{r“%gg?lé? F ?levegga g’lern sttra;igéf a TSRt 3eRed f tﬁ@twori

nmul ti di nengEbnal ist oiageimedel 100 using a bottomup, 20 right-to-Ileft
recursive rmVﬁgg{}hg In thi.s enbodjnment, to retrieve the first record, the
mul ti di mensi o del YarfaderoUA RIS onls US i3 stngi frefsEBRds&pact ed f or
di spl ay &8apbenfi r sin®ent eyeshpiage ¥al g: xt p entries, which
are those t% thg | eft of the filragt 25 é%;nerry aT%é%)%si'?ﬂira?ngedd ?{))ﬁthgr first
entry stBFageliBrtde. TURTY empdfds, Skhi cin ar acchudence t heith ghtnef the

sel ect ed. i LAp, ~ar L. .0 their first entry.storage val ue.
For the ?Iﬁir)gfagﬁéggr 8% t%hhzé %Eﬁ%z{ltn@%&%g‘r%%nﬁode n n%%:é%e?"‘%ﬁéﬁﬁlgﬁtr etrieves
val ues 3prédefinhednsiwengt eotielses sat dresgepeshted@nsandomaehtibewedt he next
record, thet | ti di mensi gnal. manager (44 attenpts to nove the right-nost
chil'd i i°Ph&RA eRCTVET ha¥r i Pht 20 B Y78t ey Pt gRyoygded to

PCT/ | JS0Qé 8¢ 08pshsteghielsd bﬁd”@éﬂ@k@catEphspfegeébgbogﬁqum% > data

val ues fetched at the current positions within the nul tidi nensional storage.
nb¥el 100. | fREFBTFipHt TROSTCERE §/i $heomerbesblhegine aul stdpnBASi onal
nodel e . O 4énat t - ar. that child ich is the
entry i m{r%g‘?%%g?yé?% is%gp’}esz t?’%o?%;é%ét\’%%i Igd.r%l%et%jhte %g?nén? ?%éﬁn\ﬂggﬁl e, it is
r eposi t i anedegief ittead daueryal vedet etsehed atextthei atcustent 23osi ttaas in the
mul ti di nsenls‘il_onaé1 t or age nodel 100.(#;1 thelparent cannot 10 be noved, an
attenpt 75 hade o hBvESEhEHASERESIPIENRCT FaPENCT Wik heFedeRéneRt ry

i mredi at@hyry o Mdtee1 efds ofaldea fbAStemar eler @Nd k& iAMRRSS repaated unti |
no parents remain. At this point, the end of the process is reached. It
w3l be dfcRFSiBbY BRKtLPRe fpaverparsiand ofs shar tdwerpoimadslni BRin t he
mul ti di ngpgi o styQL age; I 0 her wi sui tably.determ ned.
Proceedi ng toqggti%p %%699%%%)@%“'% di%é/ns?g%%f' nodefr?nn%agé?r%ﬁc?;g%rses t he
mul ti di remizédireeénst orelge nadeés4001¢ r grotthiorentsd pohat pecedsginednecti ng
20 mul ti di ensional Links 380 to,determ ne the existence and/or value at a
specifie ‘”{Ee e“r‘%‘g%iié . ORY ?358 EES%%FhQOﬁEIJﬁndi rFsl?%n%‘i‘eﬁl’o‘i“aﬁ@?rmdel 100
det er m neadiwatylyabye ehet isesneci beedrinAhgesest i ON. tNeXtacabsstBPe448, the
nul ti di nensi onal nodel manager 44 determ nes whet her 25 additional

t7Qver s@XLEIGRt Por tihe noBERdebdnedf gueryi oreddeY avefsalmawexi be, the Yes
branch ofcdggh i onah E&e%égglﬂﬁ%ﬂ{ %Hé)§%§9'$4gr§QQl% e Igbgg
traversals are perfornmed and I ntersectional values calculated untrl all

t raver sfiuetaveotdeén audpkbeed.defrwerdimilmganciie obc3@ sdadils opaktsoap 450

then | eqfe 19 & &hd5%ser s privileges.

In determining the accessible portion of the

25 predefined query model 56, the server 30 may also
- determine a protected portion of the predefined query
model 56. The protective portion is the remaining or

other suitable portion of the predefined query model 56.

As described in more detail below, the query composer 122

30 may conceal the protective portion of the predefined

query model or otherwise prohibit edits to the protected

portion of the predefined query model.



At step 452 data and information output fromthe nultidi nensional storage

nodel 100 is summarized and WO 01/09754 34 1 3 JAN ~I ~[ ~~",

PCT/ LTS00/ 20708 | sorted. It will be understood that the mnultidi nensi onal
storage nodel 100 may be otherw se configured to presort and sumrari ze
data. However, by separating the traversal operation fr dnd t WAN s208kar i zi ng
and sorWORY0¥Ser ati ons, S processing efficiency is inprovetwushezdzs at step
454, information output fromthe nulti gi nmensi onal storage nodel 100 is
graphically displayed to the user in a ?equested view by the viewers 124 on
the client |110. Proceeding to decisional step 10 456, if additional views
are requested, the Yes branch returns to step 442 in which the view requegt

and specifi edV8XrenstonsSEER ridé véd'an®amepr ccesslowpemadsl uitd | all
request ?ﬁré&@f‘@n@év%u@%%n fogeh etpd apd a{égggx%ﬁké 01@8? USRL. C?%toefpt ["hz

poi nt, e No branch 157of decisional step |'eads” 10"t he
process. 286, t hikewaguextie bosppess | h22l | dgepteypor tale 1Qcpe@sidas a

mul ti di i | st g : 0 of _reduc si ze_and_ i nproved processing
Speeds URATCSUSEOTt CEFTPEant Briofita dHI4" obr el bRE Bieng Odta
anal ysi sonén addbtinant20 ahiserqueny creshposew cal £yl agi 9psal,e anal yze

data intersections that re not apticipated during the original definition

of the ndcRPRISHt sViEHuU frRESaRaee 2eslrEcyss téeEimpogt thievot and
drill opsredépinsed Thgegdidba@nals i ewsy, ﬁ%{?ﬁéq%p{:ﬁgt a%icg\gssi%g% data 25

drilling for high and |ow | evel analysis. IS a screen diagram
i 11 ustrd@PReglandi Spe agueryr eparegen idew a0 ¢onaezdr thacerniteltede

enbodi h r nt | i Referrin FI. GURE 11, the display
wi ndow Ortl'ojh%lf1 u§>£ gt%er?en I%\eé%r}t §%ini f uegyvar"%é%e& 36 %f Tul PX&F&Rtnenus” 488
di@posecedl oiwg aandfordgeewing hef desat agowntadaw 480. A tool bar 490 is

di sposed i nmedi atel(¥. bel ow t he nmenu_bar 486. i I 13 JAN ~(~p~ wo ovo9-~sa

Pc~r ~s00n0~0s" L OFFTHY (i §pI a5 ndd™P 480t REr t BEETY ncFoMESsSg¥calldlRog wi ndow
492 and ge@oi¥d ol @M ndanm 494 Adicaeent-LHersALAl Ogu%\&gdgegsf%%- sghe catal og
al 0 .

w ndow 492 displays a file hierarchy within the ca e portfolio
User edits may include the selection or deselection of

database tables, columns in the database tables, and
15 joins between the database tables. Next, at step 290,

the query composer 122 generates a user-adapted gquery

model 128 based on user edits to the accessible portion

of the predefined query model 56. At step 292, the user-

adapted query model 128 is uploaded to the server 30 for
20 execution.

At step 294, the BSQL generator 74 automatically
generates a database query based on the user-adapted
gquery model 128. The database query comprises textual
SQL that can be executed by the connection manager 76 to

25 perform the query. At step 296, the server 30 receives
the results of the query. As previously described, the
query results are initially stored in the server 30 by
the cache manager 42.

Proceeding to decisional step 298, if the query

30 includes multidimensional analysis, the Yes branch of
decisional step 298 leads to step 300 in which a

multidimensional storage model 100 is generated based on




5 wi ndow 494 displays the views |inked by the action portfolio. Wthin the

portfolio w ndow 494, each of the views I's separately arsprayed T =a

di screte view wi ndow 496. Storage of the views in discrete files |inked by
the 10 portfolio and display of the related views w thih 3 JANP@RgY ol i o

w ndowyA§ t/e7kpws rel ated docunents to be easily organi e J,'bgr and
efficiently displayed to a user. In particular, the portfolro W ndow 494
provi des a common wi ndow with a singleXdata interface (SDI). The 15

di screte view wi ndows 496 are displayed within the common wi ndow in a
multiple data interface (MJ). It will be understood that other types of

rel at ed weeppasnlssnay hHe diepr avely sheor adlandikiepaddngespsrager display
through a compound file. 20 FIGURE 12 is a screen diagramillustrating a

di spl ay WHfow! 8O0 isn4RA ngOvPeRekat ol ¥k ndvi dat ithr Begeeandel at ed

Vi ews i nohddord ok 0ad danas, wWitd pae,enbodi nent of the present
invention. Referring to FITIGURE 12, the di splay wi ndow 500 i ncludes a nenu

bar 502 with RePsryzmpgety 6P pul Megdwiomedus 504tepsposedaal ong aftop edge

ofz the (] . Wi ndo 0 o) r 6.15.di ed .i di ately below the
menu ba?ﬁ@opéfﬂlfﬁég%gs% ay W n}(;j‘%\?\% 5%% Ill%% ﬁﬁ‘§§c %%(é[s'alc%benﬁ% 7868 and a
port f ol icef wideeois Bdla RS queqvi agd y ldesty | hasl isteonnesd i otnW {hient al og 30
wi ndow 492 and é) rtfoljzod(gvi ndow 494, In the illustrated enbodi nent, view

wi ndows EBIEH TR B 22 d PRSI PR hoY LEBF| 86 FEORIARS Pasediee WO

0l / 09754136 InidrlAN-2Q04 s . PCT/AISO0! 20708 gpid Mhgad ULeW Nge %0 @l ow

navi gati on between the maxi m zed wi ndows, view buttons 514 are provided in
r esponsé&lad eiad zatepn36f - a WtndireiFiprmd dtepl 3péd dasha absrweong a top
e of e [ [ indaw 510, The 5 view . buttons 514 are h
glggr abl é‘3t Jt]odglgg%&%} e%nvaggsomlgt gaevwngsdacﬂ-ﬁ?%esgt et i V& 'lndggﬁ in
responsevitld do¢i wabired. fE sladdrovsewser s tIF qihiekligeandieaasidy vavi gate
bet ween t he vvigdovvs. As a re ul‘t%lB us&gﬂs need to constant|ly nove, close,
10

open, artfV%esk28 WYrddws™Peevi & at&d RHIPER oPdd FeCHPEPARALe fil es.

The viewduy t 998 mMRwdRe @f hgrapsgodi sl ayRd-Ar wrNegaked i dLsppgse to
other suitable events. For exanple, the view buttons may be generated any
tine a f9avad wittdow beedmesedt beusfosupst 8Ati afl ytheddeaetr onrdiapl ay by

over | yi WY T , 0, user. i_ndi cates fhat i ndow
s%oul d %%ﬂr#%u&pg%? P’:“J%nvé ,C%r&gef ?%F%%glgtso EVE” a V\%%%%V\?O Vi ew
butt on Eh8 najiebaigebeaathd dfordébes bnddw dtehezocevesech Thedvi €y buttons

S14 may be positioned independently of a correspondi ng wi ndow. Thus, they
may 20 KEHEABeFEEH atéht to or remote froma correspondi ng w ndow.

Al though t he Ay egeRl ciiByant i sPepassligencirscrbbod Wi 8 sevesahigabodi nents,
various changes and nodifications may be suggested to one skilled in the
art. 25vhethey ntidleddudiar t¥eSpresemreénvent i b8 emdonpass aschachanges

anf modifiiGali 0% agnbpkhol. thi R g hg seope feildlg #PRENAEE glai i,
results as a snapshot, the Yes branch of decisional step
310 leads to step 312 in which the query results are
stored to a selected portfolio 58. Step 312 leads to the
end of the process by which a predefined query model 56
25 is provided to a user for adaptation and customization.
The predefined query model 56 is displayed and altered
using a graphical view of data elements. This
facilitates robust data analysis by all users and allows
novice users to effectively use avaiiable information to

30 improve operations within their organization.
FIGURE 6 is a block diagram illustrating details of

the query engine 80 in accordance with one embodiment of




~~J/ ~] SUQ/ 2070~ ~i~1)S ~ r AUG 20Dl 063l 70.2340 ' i ~ JA-V 37 2004 WHAT IS

CLAIMED I'S: I. A query engi ne residing on conputer-readablre nedfra, the
guery engi ne conprising: a library of data drivers, each data driver ‘
operabl e to execute a predefined database S operation; r@rfm mel | i gent
dat aset operable in response to a query request to ide &

| i brar yWRdE@eS4ry data drivers to performthe request, teclaisaisioe a
necessary order of the necessary data (H?i vers to performthe request, to
generate a driver chain conprising the Tlecessary data drivers in the
necessary order, and to execute in order the data drivers in the 10 driver
chain. 2, The e engine of Claiml, each data driver further conpri si r@
a base |F|P§rf%‘%eg‘?%§ hedVERiam e t olRalthis n@K‘boan@rt,l nthge qiradrwer chalI g
upon exe fo t fied S P r.dh at river

3Io The qﬁg?!;lﬁgngloneﬂg?§@§glgmal 19?&3??;&;&&% ? Fi ver% E8fprASi ng at

| east onénBathigenierdaiperaibl 62t copxeahbie drf erehpdﬁ*sabat&e apefiairyon. 4.

The quer | i br ta drivers conprising at
Ieas;q 20¥%§Hg%ata %r %g(rgm(%pelyabgg “fo g%cutlé 4 359 t NEARAY opitati on. 5.
Thé quergringine &4 Gai r‘pérfdhhe |t ardeplestat a driner s; GQUANGINRY at
| east one_data driver ble to execute an index database opeéeration. 25
6. The q%‘é??s%ﬁg?ﬁelﬁf ?’(ﬁr R} e ydst eani aeditihge me qasAaTysi ng at

Ieast onerdat acdr in ey a X&L U er t| on. \Y;
~'t~"TI USr~ ~ Io .~ @%% g&%:’te%feA%% {égo?’ %2 ﬁh?%S%%a% %E %004 38

7. A busgfesEaift & | dgén’@e” pohgan fgpmpnatsyngngthelf oterreés;@am:pf @ita
OrganiZa&%?@eréh%%Puﬁhneéﬁeirﬁé%éég§9§e<£ggééﬂ gprlSln xecute in

10 order the data drivers 84 in the driver chain.
Referring to FIGURE 6, the intelligent dataset 82

generates a driver chain 320 in response to a query

request. The driver chain 320 includes data drivers 322
necessary to perform the requested query. The data
15 drivers 322 are dynamically selected from the library of

available data drivers 84 and ordered by the intelligent
dataset 82 based on the query request. In one
embodiment, the data drivers 84 in the library are
derived from a base class for which all interface methods

20 call the next driver in the chain. In this embodiment,
each data driver has a chain priority for placement in a
same relative position within the chain 320. As used
herein, the term each means every one of at least a
subset of the identified items.

25 For the illustrated embodiment, the driver chain 320
includes data drivers D1, D2, D3, and D4. Data driver D1
performs a fetch database operation which returns
requested records. The returned records are next sorted
by data driver D2 and indexed by data driver D3. Data

30 driver D4 then performs the requested search on the
sorted and indexed data records. In this way, the

modular query engine 80 employs standardized access




a server connected to a renote client by a network: a query conposer

residing on the client, the query conposer operable to generate a S query
nodel in response to user input; a query engine residing,o &h@ gerver, t he
gquery engi ne conprising: a library of data drivers, ea h3d-gi pi ver

oper ablwobnomsecut e a specified database operation; and goTiusbedorégoent

dat aset operable in response to a querg request based on the 10 query nodel
to identify fromthe |ibrary necessary data drivers to perform the request,
to determine a necessary order of the necessary data drivers to performthe
request, to generate a driver chain conprising the necessary data drivers
in the reedwdsytor erfom detebesst equerbeder the datmesmltver shen the

Or1ver SO 18 Becll SUSLICRS LI SHLOIGE ROELEL 00 gl o date

driver er conprising a base interface a next

driver iquétieslranérthbacpstpen exestidornmd whenspeai thedbdatabase

operation for.the data drivyer. 9. The business intelligence portal of Claim
10 35 8B

7, the |1} StngatROHFAve FeSi-ng at |east one data driver

opgrable to expsuke @ fsteh ﬂ@vﬁbﬁseﬁﬁx%@rﬁi@gtrégin%h%pgyﬁk@@ﬁsof_ _
intelligence portal of aim?7, the library of data drivers conprising at
| east orfdglateprdrlyer @pR¥¥bl engsnexedit eldn safFcoydeaisgsewspar abhen. 25 11.

The buslOasSeiqUel |LE°PRE BYLANO IMIM IR LLRLRLY 0L dakgefri vers
conprising at” |'east oné data driver operacfe to execuie”an”i ndex dat abase
operati on, tiZe réehbdsbagsasi ateldtiegerse poitwhich &l guery, rehaektbrary of

data driyvers cor%ri sj ng ﬁt I,eastllo_ne data driver operable to execute a
search daf ab3Ee 6p@raYi bRS intelligent qafaset 8950 -NpxL. at AfeP200

068170. 2340, 3fne ind AN dBcaderebhodfiimiRerfOf NkAY-dot ahasg queri es,
conprising: providing a Ilbrary of data drivers, each data driver operable
to execudriverspedd i ddotat Ebgsel bbranyi oreceesaryi nge a Rprdor™r eghest for a
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%E?:y % u . !
t he request;” determ ning a necessary order of the necessary data drivers to
performthe refgesédiggnercat stgpa 3dii,verthehdnteddngdrsi ndatdeethegrssary
dat a dria/ers in the ecessary order; and .
etermines the order o data drivers 84 necessary to
15 perform the request. At step 346, the intelligent
dataset 82 dynamically constructs a driver chain
comprising the necessary data drivers in the necessary
order to perform the query request.
Next, at step 348, the intelligent dataset executes
20 the driver chain to perform the query regquest. Within
the driver chain, the datasets 82 are executed in order
with each calling a next driver 84 in the chain upon
completion of its own execution. As a result, the query
engine 80 and dataset 82 are application independent and
25 can be easily modified to support new functionality by
adding data drivers 84 to the library and programming the
intelligent dataset 82 as to their functionality.
FIGURE 8 is a block diagram illustrating details of
a multidimensional storage model 100 in accordance with
30 one embodiment of the present invention. In this
embodiment, the storage model 100 utilizes a non-sparse

architecture to minimize the size of the model 100. In
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20 values 376 can be stored along with the entries 374 in
the entry storage 370. Use of the pointers and separate
storage of the data wvalue 376, however, improves

efficiency and processing speed of the multidimensional
storage model 100.
25 The dimension storage 372 includes the data wvalues
376 associated with entries 374 in the entry storage 370.
The data values 376 represent unique dimensional wvalues
for each dimension.
A set of interdimensional links 380 is provided for
30 each non-sparse entry 374. Each interdimensional link
identifies an intersection between non-sparse entries 374

in different dimensional slots 360. The set of
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interdimensional links 380 includes one or more

interdimensional links. in one embodiment, the

interdimensional 1links 380 are bi-directional to allow

efficient traversal between the dimensional slots 360 in
5 either direction from an entry point.

The interdimensional links 380 collectively identify
all intersections between non-sparse entries 374 in the
dimensional slots 360. Accordingly, all intersections,
including non stored empty intersections, can be

10 determined from the non-sparse entries 374 and traversal
of the interdimensional links 380. 1In particular, a null
intersection between database entries in a first and a
second dimension 1is determined by the lack of the
database entries in the model or the lack of

15 interdimensional 1links 380 connecting the entry 374 in
the first dimension to the entry in the second dimension.
Non-sparse intersections between entries 374 in a first
and second dimension are determined by traversing the
interdimensional links 380 from the specified entry in

20 the first dimension to the specified entry in the second
dimension and then obtaining the data +value 376
associated with the entry 374 in the second dimension.
Data and information obtained by traversal of the
interdimensional storage model 100 is output for further

25 processing as described in more detail below.

The calculated dimension 362 includes a set of
calculated wvalues 382. The calculated wvalues 382 are
values derived from predefined calculations requested by
a user contemporaneously with the multidimensional

30 storage model 100. Thus, while the multidimensional
storage model 100 provides an open architecture to allow

calculations after its creation, contemporaneous
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402 for the exemplary data 400. Referring to FIGURE 9,

the exemplary data 400 includes dimensions Cl1 and C2 and

calculated dimension C3. Dimension C1 includes unique
10 entry values A, B, and C while dimension C2 includes
unique entry values D, E, F, G, and H. The calculated

dimension C3 includes calculated data values 1, 2, 3, 4,

5, and 6 corresponding to different predefined
calculations.
15 The exemplary storage model 402 includes dimensional

slots 404 for dimensions C1 and €2 and calculated
dimensional slot 406 for calculated dimension C3. 1In the
Cl- dimensional slot 404, the dimensional storage 410
includes unique dimensional wvalues A, B, and C. The
20 entry storage 412 includes entries with which the data
values are associated and pointers to the data values.
Similarly, the C2 dimensional slot 404 includes unique
data values D, E, F, G, and H in dimensional storage 414.
Entry storage 416 includes entries associated with the
25 data values and pointers to the data values,
Interdimensional links 420 identify intersections between
entries, and thus data, in the Cl1 and C2 dimensions. The
calculated dimension 406 includes calculated data values
1, 2, 3, 4, 5, and 6 associated with predefined

30 intersections of data in the Cl1 and C2 dimensions.
From the exemplary storage model 402, it can be

determined, for example, that entry values A and D in the
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FIGURE 10 is a flow diagram illustrating a method
for generating and using the multidimensional storage

10 model 100 in accordance with one embodiment of the
present invention. Referring to FIGURE 10, the method
begins at step 440 in which the multidimensional storage
model 100 1is generated by the multidimensional model
manager 44 in response to a query request and is based on

15 results of the query request. The query request
specifies the dimensions and data dimensions for the
multidimensional storage model 100.

In one embodiment, the multidimensional wmodel
manager 44 generates the multidimensional storage model

20 100 by first fetching data records from the source. For
each data record, the dimensional values and data values
are then fetched. Thereafter, for each dimensional value
of. a data record the multidimensional model manager 44
determines if the dimensional value is present in entry

25 storage 370, in which case it may be used. If the
dimensional value is not present in the entry storage
370, an entry 374 is created for the dimensional value in
entry storage 370 and the corresponding data wvalue 376
stored in dimension storage 372. In either case, the

30 dimensions are next traversed from left to right to
create interdimensional links 380 for the entries 374 in

entry storage 370. Existing links are reused while links
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that are missing are created. In addition, for the @'
right-most dimension, data values fetched for the record
are added by the multidimensional model manager 44. It
will be understood that the multidimensional storage
5 model 100 may be otherwise suitably generated.
After the multidimensional storage model 100 is
generated, step 440 proceeds to step 442. At step 442,
the multidimensional model manager 44 receives a view
request for a subset of the specified dimensions and/or
10 data dimensions. Next, at step 444, the multidimensional
model manager 44 determines traversals necessary to
generate the view from the storage model 100 and a
starting point for each traversal. The traversals are

defined by the specified dimensions and the starting

15 point on entry determined based on how the model 100 is
organized.
In one embodiment, the multidimensional model

manager 44 retrieves a first and a next record from the
multidimensional storage model 100 using a bottom-up,
20 right-to-left recursive movement. In this embodiment, to
retrieve the first record, the multidimensional model
manager 44 positions a first dimension selected for
display to the first entry storage value. Next, all
parent entries, which are those to the left of the first
25 entry, are positioned to their first entry storage wvalue.
Child entries, which are those to the right of the
selected dimension, are also positioned to their first
entry storage value. For the first record, the
multidimensional model manager 44 then retrieves wvalues
30 for dimensional entries at these positions. To retrieve
the next record, the multidimensional manager 44 attempts

to move the right-most child in the view. If the right-
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-109%&' ()parent is movable, it is repositioned and the data values

fetched at their current positions in the
multidimensional storage model 100. If the parent cannot
10 be moved, an attempt is made to move the parent of that

parent, which is the entry immediately to the left of the

first parent, and the process repeated until no parents

remain. At this point, the end of the process is
reached. It will be understood that the traversals and
15 starting points within the multidimensional storage model

100 may be otherwise suitably determined.
Proceeding to step 446, the multidimensional model

manager 44 traverses the multidimensional storage model

100 from the entry point across connecting
20 multidimensional 1links 380 to determine the existence
and/or value at a specified intersection. At step 448,

the multidimensional storage model 100 determines any
value at the specified intersection. Next, at step 448,
the multidimensional model manager 44 determines whether
25 additional traversals exist for the model 100. If
additional traversals exist, the Yes branch of decisional
step 450 returns to step 446 and the remaining traversals
are performed and intersectional values calculated until
all traversals have been completed. The No branch of
30 decisional step 450 then leads to step 452.
At step 452, data and information output £from the

multidimensional storage model 100 is summarized and

f
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proce551ng eff1c1ency is improved.

Next, at step 454, information output from the
multidimensional storage model 100 is graphically
displayed to the user in a requested view by the viewers
124 on the client 110. Proceeding to decisional step

10 456, if additional views are requested, the Yes branch
returns to step 442 in which the view request and
specified dimensions are received and the process
repeated until all requested views have been completed
and displayed to the user. At this point, the No branch

15 of decisional step 456 leads to the end of the process.
In this way, the business intelligence portal 10 provides
a multidimensional storage model 100 of reduced size and
improved processing speeds that support efficient pivot
and drill operations during data analysis. In addition,

20 a user can create new calculations to analyze data
intersections that were not anticipated during the
original definition of the model. This reduces time and
resources needed to support pivot and drill operations.
The additional views may include pivot views and data

25 drilling for high and low level analysis.

FIGURE 11 is a screen diagram illustrating a display
of related window 480 in accordance with one embodiment
of the present invention. Referring to FIGURE 11, the
display window 480 includes a menu bar 486 with a variety

30 of pull down menus 488 disposed along a top edge of the
display window 480. A tool Dbar 490 is disposed

immediately below the menu bar 486.
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is separately displayed in a discrete view window 496.
Storage of the views in discrete files 1linked by the
10 portfolio and display of the related views within the
portfolio window 494 allows related documents to be
easily organized together and efficiently displayed to a

user. In particular, the portfolio window 494 provides a

common window with a single data interface (SDI). The
15 discrete view windows 496 are displayed within the common
window in a multiple data interface (MDI). It will be

understood that other types of related compornients may be
discretely stored and linked together for display through
a compound file.

20 FIGURE 12 is a screen diagram illustrating a display
window 500 including view buttons for navigating between
related wviews in a portfolio in accordance with one.
embodiment of the present invention. Referring to FIGURE
12, the display window 500 includes a menu bar 502 with a

25 variety of pull down menus 504 disposed along a top edge
of the display window 500. A tool bar 506 is disposed
immediately below the menu bar 502. The display window
500 includes a catalog window 508 and a portfolio window
510 as previously described in connection with catalog

30 window 492 and portfolio window 494.

In the illustrated embodiment, view windows 512 are

maximized with the portfolio window 510 to provide
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5 view - buttons 514 are each operable to display an
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associated window 512 as the active window in response to
activation. This allows users to quickly and easily
navigate between the windows. As a result, users need to
constantly move, close, open, and resize windows to view
related data stored in disparate files. The view buttons
may be otherwise displayed or generated in response to
other suitable events. For example, the view buttons may
be generated any time a first window becomes at least
substantially hidden from display by an overlying window.
Thus, as soon as a user indicates that a window should be
maximized, positioned, or displayed to cover a window, a
view button 514 may be generated for the window to be
covered. The view buttons 514 may be positioned
independently of a corresponding window. Thus, they may
be displayed adjacent to or remote from a corresponding
window.

Although the present invention has been described
with several embodiments, various changes and
modifications may be suggested to one skilled in the art.
It is intended that the present invention encompass such
changes and modifications as fall within the scope of the

appended claims.
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5  operation; and
an intelligent dataset operable in response to a query request to identify from the
library necessary data drivers to perform the request, to determine a necessary order of the
necessary data drivers to perform the request, to generate a driver chain comprising the
@ necessary data drivers in the necessary order, and to execute in order the data drivers in the

10  drver chain.

2. The query engine of Claim 1, each data driver further comprising a base
interface method operable to call a next driver in the driver chain upon execution of the
. specified database operation for the data driver.
15
3. The query engine of Claim 1, the library of data drivers comprising at least

one data driver operable to execute a fetch database operation.

4, The query engine of Claim 1, the library of data drivers comprising at least

20  one data driver operable to execute a sort database operation.

5. The query engine of Claim 1, the library of data drivers comprising at least

one data driver operable to execute an index database operation.

25 6. The query engine of Claim 1, the library of data drivers comprising at least

one data driver operable to execute a search database operation.
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a query engine residing on the server, the query engine comprising:
a library of data drivers, each data driver operable to execute a specified
database operation; and

an intelligent dataset operable in response to a query request based on the

10 query model to identify from the library necessary data drivers to perform the request, to
determine a necessary order of the necessary data drivers to perform the request, to
generate a driver chain comprising the necessary data drivers in the necessary order, and to

execute in order the data drivers in the driver chain.
15 8. The business intelligence portal of Claim 7, each data driver further
comprising a base interface method operable to call a next driver in the driver chain upon

execution of the specified database operation for the data driver.

9. The business intelligence portal of Claim 7, the library of data drivers

20  comprising at least one data driver operable to execute a fetch database operation.

10.  The business intelligence portal of Claim 7, the library of data drivers

comprising at least one data driver operable to execute a sort database operation.

25 11.  The business intelligence portal of Claim 7, the library of data drivers

comprising at least one data driver operable to execute an index database operation.

12.  The business intelligence portal of Claim 7, the library of data drivers

comprising at least one data driver operable to execute a search database operation.
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13. A method for performing database queries, comprising:

providing a library of data drivers, each data driver operable to execute a specified
database operation,;

receiving a query request for a database;

identifying from the library necessary data drivers to perform the request;

determining a necessary order of the necessary data drivers to perform the request;

generating a driver chain comprising the necessary data drivers in the necessary

order; and

performing the request by executing in order the data drivers in the driver chain.

14, The method of Claim 13, wherein each data driver calls a next driver in the

driver chain upon execution of its database operation.

15. A system for performing database queries, comprising:

means for providing a library of data drivers, each data driver operable to execute a
specified database operation;

means for receiving a query request for a database;

means for identifying from the library necessary data drivers to perform the
request;

means for determining a necessary order of the necessary data drivers to perform
the request;

means for generating a driver chain comprising the necessary data drivers in the
necessary order; and means for performing the request by executing in order the data

drivers in the driver chain.




